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INTRODUCTION 
"The Economic Value of Streams for Fishing" is based on research 
performed as part of a project entitled "The Economic Impact of Flood Control 
Reservoirs" (OWRR Project No. A-006-KY) sponsored by the University of 
Kentucky Water Resources Institute and supported in part by funds provided by 
the United States Department of the Interior as authorized under the Water 
Resources Research Act of 1964, Public Law 88-379. The study is particularly 
indebted to the help in data collection provided by the Kentucky Department of 
Fish and Wildlife Resources through the efforts of their county conservation 
officers. The statistical analyses were executed through the facilities of the 
University of Kentucky Computing Center. 
The overall research project is examining the economic consequences 
which resulted from the construction of four existing reservoirs in the hope 
that the results might suggest improved techniques for the economic evaluation 
of proposed projects. This is the eleventh of a series of reports developed 
from the project and deals with the economic value of the recreation enjoyed at 
a stream fishery. The investigation was based on over three thousand interviews 
of stream fishermen and on the methodology widely described in the literature 
for tying the economic value of recreation to the willingness to travel to enjoy 
it and the cost thereof. The study concludes with a numerical technique for · 
iii 
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estimating the annual fisherman-days per mile and the annual economic ,-alue 
associated with any mile of stream fishing in Kentucky. 
Any comment: the reader might have on th.e research problem, the 
approach described in this report, or the findings as described is encouraged 
and should be directed to L. Douglas James, Project Director. 
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ABSTRACT 
The pressures of urbanization and industrialization are gradually 
destroying stream fishing sites while at the same time producing an increased 
demand to serve a greater population. Reservoir construction is one cause behind -
the diminishing availability of stream fisheries. The recreational value of the 
stream fishery lost should be deducted from the value gained through reservoir 
recreation in estimating net benefits for economic justification. This study -
utilized information collected from 3321 stream fishermen to derive a method 
and the necessary empirical coefficients for predicting the number and economic 
value of the average annual fisherman-days enjoyed along average streams 
throughout Kentucky. 
The locations of the home and the fishing site were noted for each 
fisherman interviewed. The collected data were fitted to a gravity-type model 
for predicting annual fishing use from the magnitude and distribution of the 
surrounding population. The unit value of a fisherman-day was estimated from 
the observed willingness of fishermen to travel to find a suitable fishing site and 
an. estimated cost of travel. The unit value was found to vary as functions of 
geographical location within Kentucky and stream order. The apnual number of 
fisherman-days was found to vary with stream order. 
The method when applied to a reservoir which inundated 75. 6 miles 
of streams from the second through the fifth order in Western Kentucky deduced 
v 
an average annual recreational value lost of $10, 410 at an average value of 
$1. 83 per fisherman-day. Annual values per mile ranged from 1. 9 fisherman-
days and $2. 60 on second order streams to 221 fisherman-days and $395 
on fifth order streams. 
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pressures created by an expanding urban population have encroached on avail-
able fishing streams. In planning older water resources development projects, 
little if any consideration was explicitly given to the economic value of displaced 
stream fishing because of the relative abundance of alternative fishing spots, 
However, the demand for more water for irrigation and municipal supply, more 
flood control, hydroelectric power, navigation facilities, water quality control, 
and reservoir recreation has resulted in the installation of structural measures 
which by their very nature modify the ecological regime to the detriment of the 
stream fishery. The marginal economic value of a stream fishery is being 
increased by a shrinking supply. 
At the same time, more emphasis is being placed on economic analysis 
as a basis for decision making. It is used to determine whether any structural 
measures should be implemented as well as the optimum design of those found 
to be worthwhile. Projects have been increased in size by the expanding needs 
of a growing urban population. They have become larger and more expensive. 
Therefore, economic justification requires more benefits. As the best project 
sites are used up, less favorable ones are used. Therefore, benefits must be 
figured more precisely to make sure they exceed cost. Where only benefits 
from such primary purposes as water supply, flood control, and hydroelectric 
power were once used for economic justification; it has more recently become 
necessary to also include benefits from such purposes as recreation and water 
quality control. While it is theoretically true that a complete analysis should 
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consider all effects, the point is that more approximate procedures were once 
adequate for selecting among less costly alternatives to meet an immediate 
need. 
A result of the pressure for better planning has been a recent intensifi-
cation in the interest expressed by the agencies responsible for water resources 
development in the evaluation of reservoir recreation benefits. The effect has 
been a number of research efforts seeking better evaluation techniques (3, 5, 6, 
20, 26, 31, 34). Most of the research has concentrated on the value of 
recreation in the reservoir, however, the net beneficial effect of a reservoir 
fishery also depends on the value of the stream fishery lost through inundation. 
A better method is needed for estimating th.is lost value. 
Procedures for estimating the benefits derived from water used for 
recreation b.ave been explored and developed by researcb.ers in both. government 
agencies and academic institutions. However, tb.e lack of a market establisb.ed 
value for recreation creates many pb.ysical and conceptual problems in 
estimating the value gained and tb.e value lost wb.en a reservoir inumdates a 
stream fisb.ery. 
REVIEW OF CURRENT PROCEDURES 
Due to the fact th.at most reservoir projects are planned, financed 
(at least in part), or regulated by Federal agencies, tb.e procedures currently 
used for estimating the value of lost stream fisb.ing have been largely devised 
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through the U. S. Department of Fish and Wildlife. Planners in other agencies 
consult this group whenever it is necessary to evaluate fish habitats. The most 
widely used procedure is that recommended by the Inter-Agency Committee on 
Water Resources (15). The committee in 1960 established a schedule of 
values which were to be used to estimate the benefits derived from fish and 
wildlife oriented recreation. The values were to be used by all Federal 
agencies concerned with outdoor recreation activities. The committee specified 
unit values for a recreation-<iay, which in this study is a fisherman-day, 
defined as any day or any part thereof which a person spends fishing. A 
range of unit values was recommended for different classes of fishing and 
hunting and made broad enough to allow a planner to select a value which in his 
judgment best suited the conditions of the project. Unit values for stream 
fishing ranged from $0. 50 to $3. 00 per fisherman-day (15). 
The unit value per fisherman-day has to be multiplied by the estimated 
number of fisherman-days in order to estimate the total value. In most 
Federally planned dam and reservoir projects, the number of stream fisherman-
days that will be lost year by year if the project is built are estimated by the 
division of the U.S. Department of Fish and Wildlife responsible for the area 
in which the project is planned. Estimates of the fisherman-days under 
current conditions are made from creel census or other suitable data, and 
average annual fisherman-days lost over the planning period are calculated 
from projections. Based on local conditions, a value for a fisherman-day 
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within the specified range is selected. The value of the fishery is then determined 
by multiplying the estimated number of fisherman-days by the unit values 
selected for a fisherman-day. 
others have also derived procedures which could be applied to 
estimating the economic value of a stream fishery. A method of determining 
the value-added per fisherman-day for new fishing waters was developed by 
Wollman(35). Brown devised a method of determining benefits from the 
Salmon-Steelhead sport fisheries in Oregon (4). Brown's method is analogous 
to that described by Boyet and Tolley (3), Knetsch (20), and Merewitz (26), 
and applied by Tussey (34) and others in estimating reservoir recreation 
benefits and described in more detail in the following pages. 
TOTAL VALUE OF A FISHING STREAM 
Inundation of a stream fishery by a reservoir can potentially produce 
losses felt by society in many ways. A stream has an esthetic value associated 
with its beauty in the setting of the surrounding countryside. The destruction of 
running water habitats for fish and other water oriented wildlife may harm rare 
and even unique species. People who never visit the site may feel a sense of 
loss just from knowing the place has been transformed. Some recreationists 
may be deprived of recreation opportunities unrelated to fishing such as 
canoeing. Fishing may occur for commercial profit or food as well as 
recreation, No doubt other economic and extra economic values could be 
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tabulated. However, this study is limited to estimating the economic value of 
stream fishing for recreation. No implication as to the magnitude or existence 
of any of the other values is intended. 
Stream fishing will be replaced by reservoir fishing in the inundated 
area. Fishing in the stream below the dam may not be of the same quality as 
before, but analysis of this latter effect is beyond the scope of this study. 
The greatest loss to the fisherman is that he can no longer ·stream fish where 
the reservoir has inundated his favorite spot. He will have to spend his fisher-
man-day either at another stream, a different part of the same stream, the 
resultant reservoir fishery, or he may discontinue fishing altogether. In any 
case, the value he once received from stream fishing in the inundated reach is 
lost. The economic value of the lost stream fishery is the topic of this study. 
METHOD USED TO ESTIMATE ECONOMIC VALUE 
Because the economic value of a stream fishery is primarily 
recreational in character, the first step in developing a method for its 
economic evaluation is to look at methods of estimating reservoir recreation 
benefits. The economic value for a stream fishery should be estimated by a 
method comparable to that used for estimating the benefits of reservoir 
recreation, otherwise, bias would be caused by estimating the same kind of 
value by two different methods. A detailed application of the procedures which 
have been used for estimating reservoir recreation benefits may be found in 
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Tussey (34). A more detailed discussion of the underlying theory and its 
strengths and weaknesses can be found in Clawson (5), Merewitz (26), Trice 
and Wood (31), Knetsch (20), Seckler (28), and Clawson and Knetsch (6). A 
summary of the approach as described in these references follows. 
The process of estimating recreation benefits requires information 
on where visitors to the recreation area live, use of this information to derive 
a relationship for estimating visitation as a function of travel distance, use of 
the relationship to deduce a willingness to travel a greater distance to reach 
a site, and inference from this willir.gness of benefit received. The basic 
information required is the number of visitor-days, annually spent at the 
site under investigation, specified by home area. Visitor-days by home area, 
the area in which the visitor lives, can be correlated with various independent 
variables by regression a.."lalysis. 
The model most often used to estimate visitor-days from a given 
home area to a given reservoir basically is the gravity model which has the 
typical form: 
V = KP/Dn (1) 
where V is the number of visitor-days annually spent at the site. Visitation is 
customarily predicted on an average annual basis to include the whole seasonal 
distribution cycle because benefits are conventionally figured on an average 
annual basis. K expresses the propensity of the average individual living in 
the area to visit the reservoir site. D is the distance from the reservoir to the 
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home area. The exponent, n, expresses the degree to which visitor-days 
decreases with distance. P is the population of the home area. Some 
investigators have also tried to incorporate such other independent variables 
as characteristics of the population, characteristics of the route available 
for the population to the reservoir, availability of competing reservoirs, and 
the characteristics of the reservoir site (34, 26); but the results have not been 
very consistent for general application .. Because of this experience, K will 
be assumed constant in this study. 
K and n are usually determined by regression analysis based on sets 
of data describing V, P, and D. Each set of three values represents a specific 
home area. Home areas might theoretically be specified in terms of distance 
zones based on concentric circles with the reservoir at the center. A more 
practical method is to use political subdivisions for which population data is 
readily available in census reports. The smaller the area, the easier it is to 
measure D because the problem of finding a "center" point of a large area is 
reduced. In Kentucky, each county is subdivided into census divisions, the 
smallest geographical unit for which population data is published. Each home 
area will have a population P, an observed annual visitor-days V, and a distance 
D miles from the reservoir. Once Kand n are established, the total visitation 
may be estimated by applying Equation 1 to each of the m home areas and 
summing to get: 
m m 
n 
VT = r; v. = r; KP./D. 
i=l 1 i=l 1 
1 
(2) 
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where VT is the total estimated annual visitation to the reservoir in visitor-
days. 
In order to proceed from an estimate of visitation to an estimate of 
benefits, the next step is to develop a demand curve based on the visitation-
distance relationship. An incremental distance is added to each D. in 
1 
Equation 2, and the resulting VT is an estimate of the visitor-days associated 
with those willing to travel the extra distance to realize the recreation experience. 
Willingness to travel an extra distance may be assumed to indicate a value 
received from the experience or a willingness to pay. The cost of travel is 
used to convert distance to a dollar value so that the point may be used on a 
demand curve. 
The incremental distance added should be adjusted to reflect the out-
of-the-way distance a visitor is willing to travel to gain the recreation 
experience, Tussey developed a curve for making this adjustment (34, pp. 77-80). 
Many visitors coming from more distant areas are brought into the general 
vicinity by some attraction other than the specific recreation opportunity. For 
those who live several thousand miles away tt~e out-of-the-way distance will be 
only a small fraction of the total. 
To develop the demand curve for recreation at a given spot, an 
incremental distance is added to the distance from each home area to the 
reservoii:., and the resultant decrease in annual visitor-days is found by applying 
Equation 2 again. The incremental distance, when converted to out-of-the-way 
- 9 -
distance, is multiplied by the appropriate economic value per mile, and the 
dollar value to travel the incremental distance is determined. By repeating 
the process for a range of incremental distances added, demand (annual 
visitation) is estimated as a function of incremental travel cost. The last step 
is to determine the total benefits by summing the area under the demand curve. 
The above procedure estimates total visitor-days and then total benefits 
associated with a site. Calculation of both values also implies through division of 
total benefit by visitation a unit value per visitor-day. An alternate approach is 
to apply the principles outlined above to estimate the average value per 
visitor-day and then estimate benefit as: 
(3) 
where BT is the total benefits, VT is the total estimated visitation, and UV 
is the unit value per visitor-day. Such a process produces a unit value which 
can be directly compared with those recommended by the Inter-Agency 
Committee (15). 
APPLICATION OF METHOD TO STREAM FISHERIES 
Several problems arise when one attempts to apply this method to a 
stream fishery. Reservoir recreation is usually concentrated in a limited 
area while stream fishing sites are very scattered. A reservo,ir can be taken 
as a recreation unit while the quality of the fishing experience varies with the 
size of the stream. It is practical to estimate total benefits for a particular 
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reservoir site, but total benefit for stream fishing is better based on a 
normalized size unit. Possibilities include estimating benefits by acre of 
stream water surface, by access point to the stream, or by length of stream. 
The most direct unit and most convenient to measure from a map is stream 
length in miles. Acres of surface area vary too much with flow rate to be a 
reliable index of fishing quality, and access is difficult to define. In the 
context of Equation 3, BT can be defined as the total economic value, in dollars_, 
of a stream fishery per mile of stream. UV is the unit value, in dollars, of a 
fisherman-day. VT then, is the estimated annual number of fisherman-days 
per mile of stream. BT should be multiplied by stream length to estimate the 
total fishery value. 
The goal of this study will be to attempt to estimate UV in Equation 3 
and K and n in Equation 2 for stream fisheries in Kentucky. 
DERIVATION OF THEORETICAL APPROACH 
The Model 
Transportation planners use a model analogous to Equation 1 for 
predicting trips from an origin to a destination (9, 17, 25). The basic model, 
often called the gravity model, is 
-n 
T = K D (4) 
where T is the number of trips per unit population per unit of time, K is the 
propensity of people to make the trip, D is the length of the trip, and n is an 
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signifying the rate at which the number of trips will increase with decreasing 
distance, 
D might be evaluated in air miles, road miles, or travel time. Road 
miles and travel time may logically seem to be more important in governing 
decisions on whether or not to make a particular trip, but air mileage is much 
more practical to measure. It avoids the necessity for arbitrary decisions 
among various potential routes, tradeoffs between short but poor routes and 
longer but better routes, and the problem of estimating travel speed. For this 
study all distances were measured in air miles. For reservoir data, Tussey (34, 
p. 84) found air distance gave a higher degree of correlation than road miles or 
travel time, a fact probably caused by the complexity of estimation making these 
other types of data inherently more unreliable. 
Where a fishing stream is located D miles from a home area of 
population P, some inhabitants of the area are willing to travel up to D miles to 
enjoy the experiences and no farther. If the stream were some greater distance 
Z from the home area, other inhabitants of home area would be willing to travel 
the extra distance. The number of visitor-days enjoyed by fishermen willing to 
travel Z miles is the value obtained from the use of observed visitor-days to 
regress for K and n in Equation L Observed fishermen include all those found 
at the site, those who would be willing to travel further plus those who would 
not be. By assuming those willing to travel further from a given home area can 
be estimated from the travel observed by those who live further away, Z can be 
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substituted for D in Equation 1 to give: 
V = KP/Zn (5) 
Those fishermen for whom Z exceeds D enjoy a consumers surplus 
associated with the proximity of a site which is only D miles from where they 
live. If Q is defined as a market penetration index or annual fisherman-days 
per capita (Q = V/P), then: 
(6) 
This equation is represented graphically in Figure 1. The rate of change in the 
number of fishermen-days if Z is increased by dZ (or the number of fishermen-
days for those willing to travel Z mtles and no more) is found from the slope of 
Figure 1 or: 
~ 
dZ 
- nKZ 
-n-1 
(7) 
The negative sign indicates that the rate of change is a decrease of magnitude: 
~ _ -n-1 
dZ - nKZ (8) 
Equation for UV 
The consumers surplus an individual fisherman realizes from fishing 
a given stream would be the difference between the distance he is willing to 
travel (Z) and the distance he actually has to travel (D) times the cost (C) he 
experiences per unit of travel distance or: 
S. = C (Z - D) 
l 
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(9) 
Q Unwilling 
to travel to 
site because 
it is too far 
D 
z 
L 
Q = V /:p who are willing to 
teavel distance Z or farther. 
Travel to fishing site to realize 
consumer surplus prof,o:·tiona1 to the 
length of the arrow. 
FIGURE 1: Use, to Estimate Benefits, of the Rebtionship 
Between Number of Fisherman and Distance 
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By .assuming the fisherman would be equally disposed to pay an entrance fee for 
the experience or to pay the amount in extra travel cost, S. may be taken as the 
. . 1 
economic value of the experience to the fisherman. S. is an inferred willingness 
1 .. 
to pay. 
The value of C can be estimated from: 
C = 2.42. [ (l+a) m + t/v J /bp (10) 
where C is the cost per mile in dollars per visitor-day oi, fisherman-day spent 
at the site, a is the expense Incurred for food and lodging above that spent at 
home expressed as a fraction of vehicle operating cost, m is the marginal vehicle 
operating cost in dollars per mile, t is the value of vehicle-hour of traveling time 
in dollars, vis the mean vehicle velocity in miles per hour, b Is tl:\e number of 
days visitors ::remain: at the site, p Is the number of visitors per vehicle, and 
2. 42 is the product of 2 which accounts for round trips and 1. 21 which Is an 
average ratio of road to air distance (16, 34). 
The aggregate savings to all those who are willing to travel exactly Z 
miles (estimated from Equation 8) is the savings (Equation 9) per individual 
times the number of individuals or: 
-n-1 
S = n C K Z (Z - D) (11) 
The aggregate savings to all individuals who visit the fishing site (i. ec,,, all those. 
willing to travel D miles or farther) is found by summing ovev those willing to 
travel each distance through the Integration: 
J"' -n-1 ST = D n CKZ (Z-D) dZ (12) 
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= n CK IZl-n DZ-n J "' 
1.:-- + --
1-n n D 
As long as n is greater than one the integral converges to: 
. 1-n 
ST= n CK L.Q__ 
n-1 
1-n 
= CKD nl- 1 
n-1 
= 1 
n-1 
CK Dl-n 
1-n 
_D_n J 
1 ] 
n 
(12) 
(13) 
The average savings or the unit value per fisherman-day (UV) is the total 
savings divided by the total fisherman days: 
ST ST 1 
UV = T = ----:; = ~ c D 
KD 
(14) 
where Equation 14 pertains to fishermen living D miles from the site. If a 
number of fishermen, each living a specified distance from the site, were 
observed fishing, the total value realized would be the sum of the values 
realized by the individual fishermen. 
T 
v 
m 
!; 
i=l 
V. UV. 
1 1 
(15) 
where UV is the unit value (a function of D) for and V is the number of fishermen 
living at distance D. The summation is over the m different distances from 
which visitors were observed. The value for the average fisherman may be 
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estimated by dividing tb.e sum of all values received by tb.e sum of all fishermen. 
Thus, 
m 
UV !; V. UV. 
i=l 
l l 
(16) 
m 
!; v. 
i=l 
l 
or when combined with. Equation 14: 
c 
n-1 
m 
E 
i=l 
m 
!; 
i=l 
v D. 
i l 
(17) 
v. 
l 
Equation 1 7 may be applied directly to visitation data giving numbers . 
of visitors traveling to a given fishing site from various distances. The sample 
data will necessarily be .taken from a population having an underlying distribution 
wb.ich for th.is study is hypothesized as being defined by tb.e basic gravity modeL 
If the sample is small, random error will be introduced into tb.e estimate of UV. 
The evaluation of K and n in Equation 1 is typically based on a least 
squares regression using available data on V, P, and D for a number of b.ome 
areas in tb.e vicinity of tb.e recreation area. If small b.ome areas are used, 
P and D can be measured; but V is often small and difficult to sample. One 
way out of the difficulty is to use larger home areas; b.owever, this practice 
- 17 -
opens the question of how to measure the average distance from a large area. 
The appropriate average distance should be that which when applied to the total 
population of the larger area using Equation 1 gives the same value for V as one 
would get applying Equation 2 to the many individual smaller areas. Thus: 
D rp + P + + P jl/n 1 2 --- m -n -n -n P D + P D + --- + P D 1 1 2 2 m m (18) 
where m is the number of home areas. 
The Effect of Maximum Travel Distance on UV 
In evaluating UV, one must recognize that there is an upper limit 
beyond which people are not willing to travel to fish. It is unrealistic to 
extrapolate the curve on Figure 1 to infinity from a regression on data which 
shows all visitors originate within a few hundred miles and the overwhelming 
majority originate within thirty miles. For lack of better information on how 
Q varies with Z at greater distances, use of an upper limit (L miles) to the 
integration of Equation 12 chops off the portion of Figure 1 extending further to 
the right. Therefore Equation 12 becomes: 
ST = 
s L -n-1 
D n CK Z (Z - D) dZ 
= n c K [ zl-n DZ-n JL (12a) 
+ 1-n n D 
··· 1-n DL-n 1-n 1-n J = nCKLL D D + --- + --- - ---1-n n n-1 n 
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Then Equation 14 becomes: 
ST n C u = --'=-- = --
.. V KD-n -n 
D 
1-n 
[ ~(n-1) 
1-n 
L + _;;.. __ 
1-n + 
DL-n 
n J (14a) 
Instead of evaluating Equation 14a directly, it is convenient to develop a ratio (R) 
which when applied to observed values of D before they are substituted into 
Equation 14 will have the effect of excluding consumers surplus associated with 
values of Z greater than L as shown on Figure 1. The ratio is found by dividing 
Equation 14 into Equation 14a or 
R = n(n-1) 
1-n 
D 
1-n 
[ ~(n-1) 
1-n 
L 
+ -- + 1-n 
= 1 + ni~~l) G;)-n + (n-1) tri)-n 
1 - n &}-n - (1-n) (ri)-n 
n ] 
= 1 - n (ri) (ri )-n + n (~} -n - t~) -n 
= 1 -
n@-J + 1 - n 
(L/Dt 
(19) 
where L is greater than D. At L equal to D, R would equal zer'?and at L equal 
to infinit-", R would equal one. The distance travelled by visitors coming from 
nearby areas would be reduced by a minimum amount. In Figure 2, values 
of the product R times D are plotted for L = 150 miles and n =. 1..75. At 
o· = 46 miles, the product reaches a maximum. The values for R times 
·o then decrease, but because it does not seem 'Warranted to reduce the 
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FIGURE 2: Plot of Equation 19 
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adjusted D, R times D was held constant at its maximum value once it started 
to decrease. This approach. assumes tb.e unit value of the fishing experience is 
independent of distance for those travelling more th.an 46 miles and constant at 
tb.e value for those living 46 miles away. 
Maximum Travel Distance for Use in Estimating n. 
In order to avoid an excessive number of home areas registering too 
few visitors to get a meaningful sample or else an expensively large sample 
size in the regression for n, anotb.er limit must be considered. Tb.e majority of 
stream fisb.ermen will come a much shorter distance th.an L. Reservoirs 
attract visitors from much farther distances th.an do streams. By setting a 
shorter maximum distance to select tb.e home areas used to evaluate n, tb.e 
need for a very large sample to avoid regressing on zero visitors is reduced. 
A specific limit is best set by evaluating available data on tb.e distribution of 
fishermen by mileage from fishing site to b.ome area. 
The equations and concepts presented in this section were developed 
in conjunction with a similar study on b.unting by Holbrook (12). 
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CHAPTER II 
DATA COLLECTION 
INTRODUCTION 
Empirical data is needed to proceed from the theoretical framework 
presented in the last chapter to a practical method for determining the economic 
value of a given stream fishery. The basic data required is information 
specifying the home area and stream fishing location for a large number of 
fishermen. A diversity of fishing locations need to be represented to examine 
variations in the value of a stream fishery with geographical area and with 
stream size. Data of this type make it possible to regress for n based on 
Equation 1 and estimate U using Equation l4. The value of n can be v . 
obtained from the relative distribution of fishermen from among the 
surrounding home areas. Additional information, the total number of fishermen, 
is needed to estimate K. 
A search of data published by the Kentucky Department of Fish and 
Wildlife Resources provided information on the number of fishermen at several 
sites (14, 22, 33), but no information on where the fishermen lived with respect 
to where they fished. Discussions with state and federal officials were unable 
to uncover any such existing data. As a result it became necessary to conduct 
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a stream fishing survey. At first, one stream was selected for the survey with 
the assistance of the Division of Fisheries, Department of Fish and Wildlife 
Resources at Frankfort, Kentucky. After surveying a section of the stream for 
a period of time, it became apparent that the stream would not provide enough 
data to produce reliable estimates of the needed parameters. This was due to a 
characteristic low density of fishermen per mile and the time limitations of the 
survey. Consequently a state-wide stream fishing survey was developed with 
the help and cooperation of the staff of the Division of Fisheries and the staff 
of the Department of Fish and Wildlife Resources. 
NORTH ELKHORN CREEK SURVEY 
The initial survey was conducted on approximately 14 miles of North 
Elkhorn Creek in Scott and Franklin Counties, Kentucky. A reach of the stream 
beginning just downstream of Georgetown, Kentucky, and ending where the 
stream joins with South Elkhorn Creek to create the main stem of Elkhorn 
Creek, was selected for the survey. This stream was selected because it has 
been heavily fished in recent years, it is relatively unpolluted and it has a 
number of access points at which fishermen could be conveniently surveyed. 
The stream was also relatively close to the University of Kentucky and could be 
reached with a minimum amount of driving. This reach of the stream flows 
through predominately rural farming land. Access is available where highways 
cross or follow along the stream. Access at the nine points selected for the 
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survey ranges from fair to excellent. The survey began on May 1, 1969, and 
continued to June 20, 1969. Due to the nonavailability of the interviewer, the 
survey was 'discontinued until July 7, 1969, when it resumed and continued 
through July 20, 1969, The interviewer completed the circuit about three times 
a week, but he randomly selected the days, the time of the survey, and the 
route which was taken while traveling from access point to access point. Each 
fisherman interviewed received an explanation of the purpose of the survey and 
was asked where he lived, A total of 140 fishermen-were interviewed. 
STATE-WIDE SURVEY 
To supplement the North Elkhorn Creek survey, stream fishermen 
were also surveyed in 25 Kentucky counties by county conservation officers. In 
most of the Kentucky counties the Department of Fish and Wildlife Re~ources 
maintains one officer, Some counties are large enough to require two officers, 
and some officers are required to cover two smaller counties. The officers 
enforce the state conservation laws and otherwise protect and promote the state's 
fish and wildlife resources. The agency as a whole conducts research and 
institutes programs which enhance or preserve fish, wildlife, and fish and 
wildlife areas. 
With the cooperation of the Division of Fisheries, Department of Fish 
and Wildlife Resources, 40 of Kentucky's 120 counties were selected for the 
survey. Counties with many streams and where conservation officers were not 
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busy conducting creel surveys or performing other duties were selected. 
Counties were also chosen so that all parts of the state wruld be represented. 
Only stream fishermen were to be surveyed. The survey was to run from 
approximately May 20, 1969, to July 20, 1969. County conservation officers 
were to conduct the survey in the normal course of their duties so that the 
operations of the Department of Fish and Wildlife Resources would not be 
hampered. If an officer came in contact with a stream fisherman during his 
daily duties, he was to conduct the interview. Survey cards (Figure 3), return 
envelopes, instructions for completing the survey (Figure 4), and a letter 
explaining the purpose of the survey (Figure 5)·were sent to the 49 county 
conservation officers prior to May 20, 1969. County officers were also asked 
to participate by their district supervisors prior to the arrival of the survey 
instructions. The officer was to record the stream on which he interviewed 
the fisherman, the approximate location on the stream, and where the fisherman 
lived. Only one fisherman per line on the survey card was allowed so that data 
reduction would be simplified once the cards were returned. Conservation 
officers from 25 counties (Figure 6) returned data cards, and a total of 3172 
fishermen were interviewed. 
DATA REDUCTION 
As the data were received, the location of the fishing site and the 
location of the fisherman's home were determined. A guide to Kentucky name 
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University of Kentucky - Water Resources Institute Stream 
h Fis ine: Survev Countv: 
Location of Fisherman 
Date Stream Approximate Where Fisherman 
Location Lives 
Figure 3. Sample Survey Card 
- 26 -
• 
l'niversity of Kentucky 
Water Resources Institute 
Stream Fishing Survev - Instruction Sheet 
1) As you encounter people fishing in strea.111s or rivers during the normal 
course of your duties, it would be very helpful if you would provide the 
data as indicated on the survey cards. 
2) We are interested ir.. stream fishermen only. 
3) The completed survey cards may be returned in the addressed pre-
stamped envelopes. Enclose only 7 cards per envelope. Please return 
the cards whenever seven b.ave been completed. 
4) This survey can begin immediately and will end on July 20, 1969. 
5) Explanation of Survey Card: (See sample card) 
a) "County": indicate the county in-which. the survey was made. 
b) "Date": place tb.e day and month. in which you interviewed tb.e 
fisherman. 
c) "Location of Fisherman": 
1) "Stream": indicate the stream on which you interviewed 
the fisherman. 
2) "Approximate Location": Indicate where the fisherman 
is located on the stream, 
d) "Where Fisherman Lives": indicate where the fisherman lives 
now. Onl_y the town or city and state is needed. Use only one 
line for each fisherman. 
6) Thank you for your cooperation. 
Figure 4. Sample of Stream Fishing Survey Instructions 
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UNIVERSITY OF KENTUCKY 
Lexington, Kentucky 40506 
Water Resources Institute 
May 16, 1969 
We are trying to determine wl:tat dollar value is lost by tile flooding 
of stream fisheries by impoundments. In order to place a dollar-value on a 
fisherman-day we need to know wl:tere a fisl:terman lives with respect to wl:tere 
he fishes. We have developed a stream fishing survey wl:ticl:t can be completed 
as you encounter people fisl:ting in streams or rivers during tile normal course of 
your duties. Tl:tis survey was approved by Mr. A. H. Hanson and Mr. Bernard 
Carter, Department of Fish and Wildlife Resources in Frankfort, at a meeting 
on May 12, 1969. Mr. Hanson indicated tl:tat Ile would contact your supervisor 
and in turn your supervisor would contact you in reference to tl:tis survey. 
We are only interested in stream fishermen. How near do tl:tey live to 
wl:tere they fish? We are not interested in a fisl:terman's name, address, what 
Ile is fisl:ting for, or how many fish Ile caught. 
Enclosed you will find a supply of cards, addressed pre-stamped 
envelopes, a sample card, and an instruction sheet for completing tile cards. 
If you exhaust your supply of cards or envelopes please let us know wl:ten you 
return completed cards and we will send more. 
Please use one line for each fisherman. If you run into more tl:tan one 
person in a fishing party use one line to indicate where each fisl:terman lives. You 
may desire to ditto the stream and location on the stream in a case like tl:tis. 
Also where the stream name or the location on tile stream does not fit in the space 
provided you may use more than one line per fisherman (see sample card). 
Tl:tis survey can b!)gin immediately and will end on July 20, 1.969. Your 
cooperation will be greatly appreciated. 
DHB:ca 
Figure 5. 
Sincerely yours, 
Dennis H. Biancl:ti 
Researcl:t Assistant 
Sample of Letter to County Conservation Officers 
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w'ZZZJ Fishing Survey Counties 
Rough River Reservoir 
Proposed Kehoe 
Reservoir (Tygarts 
Creek) 
~ 
Grayson 
Reservoir 
(Little 
Sandy River) 
QL'. --' SC.AL!!: 
10 o 10 Z.O 30 tio Mil.£$ Reservoir (Licking 
River) Proposed Laurel 
RiYer Reservoir 
FIGURE 6. Location Map for c.ounties Used for Stream Fishing Surv:oy, Reservoirs Sites 
Used to Estimate K, and Rough River Reservoir. 
places (8) was utilized along with state highway maps, state stream maps, and 
topographic maps in locaiing each stream site and the home of each fisherman. 
The air distance between the two points was measured and recorded. Similar 
measurements· were made for North Elkhorn Creek data, and distances were 
recorded. 
DETERMINATION OF STREAM ORDER 
Stream ordering is a method for ranking streams by relative size. 
Using Strahler's (30) modification of Horton's (13) method, ordering begins 
with the smallest headwater stream being designated as the first order. 
When two first order streams join, a second order stream is formed. This 
procedure is continued with the order increasing by one everytime two streams 
of equal order join. A stream does not change order when a triburary with a 
lower order flows into it. 
One consideration in estimating the economic value of a steam 
fishery is the ability of the stream to support fish life. Previous research has 
indicated that stream order and the occurence of fish life can be related (21). 
Lotrich (24) found no fish in many first order streams (in a climatological 
setting like Kentucky) due to the fact that these streams usually go dry during 
summer months. He also indicated that third order streams have many more 
species than first and second order streams due to the increased ability of the 
third order streams to support fish life, In the light of this relationship 
between stream order and the quality of the fisheries, it becomes desirable to 
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determine how the economic value of stream fisheries varies with stream, order. 
If stream order reflects the variety and vitality of fish life in a stream, it 
should logically influence the economic value a fisherman receives from 
fishing in it. WASHINGTON WATER 
AESEARCff CENTtEII LIIHtAltY 
Stream order logically depends on the definition of a minimum size or 
a first order stream. If stream order is determined from a map, the order 
depends on the criteria followed by the map maker in determining the minimum 
stream size shown. stream order measured from a map is necessarily a 
function of the scale of the map. stream orders determined by field studies or 
aerial photograph interpretation characteristically have the highest values. A 
table showing drainage area and stream length by order as developed by 
Leopold (23) provides a basis for standardizing the definition of a first order 
stream. This basis (about one square mile of drainage area and one mile of 
length for a first order stream) was used in this study. 
stream orders for this study were determined by locating each site 
reported in the stream fishing survey on the 1963 version of the Streams of 
Kentucky map (scale: 1" ~ 10 miles) published by the Kentucky Department of 
Commerce. It was assumed that the smallest streams shown, those streams 
with no tributaries, were second order streams. To justify this estimate, the 
drainage area,of a number of streams were obtained from stream-flow records 
and order was compared with the stream order table developed by Leopold (23). 
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TABULATED DATA 
Table 1 is a tabulation of the number of fishermen reported in each 
county surveyed by the air miles traveled to each order stream within the 
county. Tabulation in this manner simplifies determination of a maximum 
distance for use in the regression to determine n in Chapter III and also 
simplifies the evaluation of UV by stream order. Data from the North 
Elkhorn Creek survey is also on Table 1. 
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c., 
"" 
Miles 
1 
2 
3 
4 
5 
6 
7-8 
9-10 
11-12 
13-15 
16-20 
21-25 
26-30 
31-40 
41-50 
50+ 
Total 
2 
1 
2 
3 
8 
1 
5 
2 
22 
TABLE 1 
NUMBER OF FISHERMEN SURVEYED BY MILES TRAVELED AND 1 
Bourbon Breathitt Carter Casey 
Order Order Order Order 
3 4 5 1 3 4 5 3 4 5 2 3 4 5 
2 29 1 1 15 30 3 3 23 7 2 
3 3 8 6 3 8 9 
5 1 1 1 3 2 3 
4 1 2 10 
6 13 6 2 
12 9 1 4 2 
6 23 2 3 6 1 20 3 4 
4 6 1 1 6 1 5 2 
2 6 4 2 1 2 9 2 
5 16 1 2 10 5 -
8 39 2 1 22 1 1 
2 22 5 
7 3 3 4 
4 
1 
9 2 1 12 1 
37 165 4 1 2 26 46 6 86 18 3 101 42 18 
TREAM ORDER 
Daviess Estill 
Order Order 
8 3 4 5 6 
2 2 15 
79 23 
2 1 2 3 
4 1 
4 1 1 3 
3 1 
8 3 
5 
2 2 1 1 
2 2 2 
4 
5 
1 
2 2 
1 
2 1 
122 5 7 3 56 
"' "" 
Miles 
1 
2 
3 
4 
5 
6 
7-8 
9-10 
11-12 
13-15 
16-20 
21-25 
26-30 
31-40 
,U-50 
50 + 
Total 
Fr~nklin 
Orile" 
4 5 6 2 
6 
4 
26 
25 '{ 
5 
20 
4 
2 2 
8 
5 
• 
\ 
5 
27 74 6 12 
------ - ,------------
Greenuo Hardin 
Order Order 
3 4 5 4 5 6 7 
3 10 1 1 
8 1 
3 
12 3 10 
5 20 27 
29 1 
6 12 5 1 
3 16 3 
4 86 2 
6 30 1 2 
16 2 4 1 
4 1 1 
2 4 3 
4 2 
7 
1 5 6 
17 76 240 8 26 6 1 
Harrison lender son Hickman 
Order Order Order 
8 2 3 5 7 8 2 3 4 10 
~ 
1 4 126 2 
7 7 
1 1 
1 I I 
2 12 4 
4 
1 16 1 3 7 
12 2 13 : 6 • ;2 
' 19 12 5 13 ! 
I ' 
19 i 1 I 3 I 
7 4 13 \ 
! 
7 13 ! 
143 
i 
9 I 
i 1 2 3 i 1 13 
2 4 27 361 8 34 ,3 5 64 · 5 
"" "" 
Miles 
1 
2 
3 
4 
5 
6 
7-8 
9-10 
11-12 
13-15 
16-20 
21-25 
26-30 
31-40 
41-50 
50 + 
Totals 
Laurel 
Order 
3 4 
4 
23 
5 
9 
1 
2 
5 
3 
2 
7 47 
Lee 
Order 
5 4 6 2 
5 1 5 
2 
9 
4 2 
3 3 
1 
10 
10 
5 2 
1 
1 
2 
2 1 
51 1 14 3 
Leslie Lewis 
Order Order 
3 4 5 2 3 4 
8 27 1 
1 1 3 4 
2 2 3 
7 8 
2 4 1 5 
2 2 1 2 14 
8 3 10 
11 12 2 
3 9 2 
2 2 7 2 
12 2 
5 2 25 3 
6 
1 15' 
4 30 6 
5 57 3 14 18 7 18 
I I 
McCracken Ma,roffin . Marion 
Order Order Order 
5 8 4 5 8 9 3 4 3 4 
33 18 5 13 
5 13 4 7 1 
2 8 2 3 3 
2 2 8 8 21 10 
1 4 7 
1 4 5 
9 ·2 3 7 2 2 
23 6 11 7 1 9 
17 5 8 1 2 
24 9 5 1 
22 2 3 4 4 10 
31 1 1 
40 
1'.4 7 
6 2 8 2 
43 12 3 6 
273 64 11 8 29 63 9 46 23 39 
"" 0, 
Miles 
1 
2 
3 
4 
5 
6 
7-8 
9-10 
11-12 ·---~--
13-15 
16-20 
21-25 
26-30 
31-40 
41-50 
50 + 
Totals 
Morgan 
Order 
2 3 4 
3 
2 4 1 
3 
1 1 
3 
1 1 
1 5 7 
5 3 
1 5 1 ---
2 ~i 4 
2 2 
2 1 
1 
6 38 22 
~~- -
Owen Pulaski 
Order Order 
5 4 6 2 4 cl 
1 1 2 
1 1 1 
2 2 
1 
4 
1 
" ~ 
1 
2 1 l 
2 6 
1 1 2 
3 2 
1 6 
2 4 
12 5 19 2 9 7 
- '------------, 
Shelby Spencer Tri,,.,,. North Elkhorn Cre, ek 
Order Order Order Order 
4 3 4 5 6 3 4 1 
16 7 
9 
11 
2 6 3 
3 4 31 
8 1 17 - ,-. 
4 3 l.3 
3 1 2 14 
2 3 27 12 
3 24 
2 22 
127 22 3 26 2 4 
2 2 3 2 
3 2 2 
145 2 39 3 77 35 3 149 
CHAPTER III 
DETERMINAITION OF "n" 
INTRODUCTION 
The value for n in Equation 1 is best estimated by rl')gression analysis 
from measured sets of values for V, P, and D. In order to obtain the needed 
data sets from the information gathered in the fisherman surveys, the surveyed 
fishermen need to be aggregated into centers of known population. The data 
collected at the various fishing sites also needs to be aggregated. The amount 
of data collected does not provide a satisfactory basis for estimating n by 
individual fishing sites because too few visitors were observed at any one 
location. The fundamental question to be resolved in deciding how to combine 
fishing sites in grouping the data is over what range of conditions might one 
expect a relative uniform value of n (an index of site ability to attract fisher-
men from a distance). The two variables which seemed most likely to cause 
n to vary are the size of the stream (indexed by order) and the geographical 
location of the stream (indexed by county). It is also necessary to select a 
distance from home area to fishing site for data used in the regression. The 
purpose of this chapter is to resolve these various issues with respect to 
collected data and develop a value or predictable pattern of values for n for 
fishing in Kentucky streams. 
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REGRESSION MODEL 
The optimum way to aggregate the data for evaluating n is going to 
depend in part on the approach to estimation adopted, The estimation must 
come from m sets of V., P., and D., It is convenient to rearrange Equation 1 
l 1 1 
so that V./P. is the dependent variable and D. is the independent variable. 
l 1 1 
Values for K and n might then be based on the model 
Log (V./P.) = Log (K) - n Log (D.) + E. 
1 1 1 1 
(20) 
where K and n are thus assumed to be constant over the range of data included 
and E. is a random observation error. The least squares estimator would then 
1 
seek the values of K and n whicb. minimizes the sum of the squares of the 
differences between observed and predicted values of V./P .. In order to apply 
1 1 
Equation 20, the data must be sufficiently aggregated for each V. to exceed 
1 
zero, 
One consequence of aggregating home areas so all have a positive number 
of visitors is that the more distant home areas become excessively large and 
yet constitute but one point in the least squares regression, One way to avoid 
this is to weight data points representing a larger P more heavily. 
Another possibility is to use nonlinear regression. Normally one would 
seek the values of K and n minimizing the sum of the squares of the differences 
between the observed and the predicted values of V. in Equation 2. However, this 
1 
approach is not desirable with the data at hand if one is seeking for all counties 
single best value of n because the relative fraction of the total fishermen 
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surveyed varies widely among counties, Therefore, the fraction of the fishing 
area fishermen coming from each home area needs to be normalized, If M 
is the number of home areas contributing fishermen to a given county: 
W, 
1 
M 
= Vi/ B 
i=l 
(21) 
A value of n may be sought which minimizes the sum of the squares of the 
differences between observed and predicted values of W,, By referring to 
1 
Equation 1, one sees K occur in both the denominator and the numerator of 
Equation 21 and hence cancels, Zero values for V, can be handled by this 
1 
approach, but once the data had been aggregated for Equation 20, it did not 
seem worthwhile to regroup the, data for nonlinear regression, 
AGGREGATION OF DATA 
Cutoff Distance 
Before regressing for n, a cutoff distance was selected to represent 
the maximum distance over which the collected data could realistically be 
grouped into population centers, The relative numbe.r of people fishing at a 
site decreases rapidly with distance,. 
The sample size required to get a positive value of V, for every census 
1 
tract increases rapidly as the regression attempts to incorporate data for home 
areas at a greater distance, For a given sample size, an upper limit of distance 
needs to be established, The problem of this study was to determine which 
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distance to use as a cutoff point with a fixed sample size. When the distribution 
of fishermen by miles traveled in Table 1 is summed over the order and 
county categories, a significant break at 30 miles is observed. Only 8. 3% of 
all fishermen surveyed traveled over 30 miles to fish. Very few counties or 
census tracts located at a distance over 30 miles had positive values of V .. 
1 
It therefore seems reasonable to establish the cutoff distance at 30 miles. In 
essence, the sample size of this study was not large enough to permit use of 
population centers much more than 30 miles from a fishing site. 
It should also be pointed out that the regressed n obtained by Equation 20 
is not entirely independent of the distance range covered in the data. The major 
difficulty comes in trying to apply the gravity model to very large or very 
short distance. A variation, of n with distance range used has been previously 
reported (7). 
Geographical Location 
For the initial evaluation of n to determine the relative number of 
fishermen coming to a site from different distances, it was decided to keep the 
data separated according to the county in which the fishing site was located. 
The unit value of a fisherman-day, as estimated by Equation 14, varies under the 
influence of the distribution of home sites in the collected data and hence the 
underlying value of n. As will be shown in Chapter V, unit values varied 
significantly among counties. Therefore, n was separately estimated by 
county. Later, the effect of using a uniform n for all counties was also 
evaluated. - 40 -
Stream Size 
Consideration was also given to whether or not data coming from streams 
of different order should be distinguished for purposes of the regression. In 
Chapter V it will be shown that the distribution of fishermen surveyed on 
third, fourth, and fifth order streams among home areas suggests almost 
the same underlying n value (i.e. the unit value per fisherman-day for the 
three orders were almost identical). The great majority of fishermen 
surveyed were fishing on these order streams. Because the sample size for 
larger and smaller streams was too small to permit reliable regression by 
stream order by county for streams of those sizes where unit values indicated 
order might make a difference, it was decided to combine streams of all orders 
within the county data. 
Definition of Fishing Area 
At this point, the decision had been made to combine all fishing sites 
within a surveyed county, to combine home locations by census tract, and to 
include in the regression all census tracts within the cutoff distance of 30 
miles from the fishing area. The fishing area was defined as the area within 
the county from which fishing survey data had been collected. In some 
counties, the conservation officer had collected data from all portions of the 
county. In others, no data had been collected from a significant portion of the 
total area. Since the regression would be most logically based on the area 
represented by the collected data, census divisions representing fringes of the 
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county where no fishermen had been interviewed were deducted from the 
county area to determine the fishing area. The regression was applied to all 
census tracts within 30 miles of this area. 
To utilize the 30-mile cutoff distance to determine population, it was 
found convenient to convert the irregular shaped area into an equivalent circle 
thereby reducing the difficulty of plotting a line encompassing points within 
30 miles of the area. By converting the fishing area into an equivalent circle, 
• 
it becomes easy to select the center for a circle with a radius equal to 30 miles 
plus the equivalent radius of the area in which fishing_ sites: were combined. 
In this study, the area of the combined census divisions was 
determined by estimating the fraction of the total county area represented. 
This fraction was multiplied by the total county area to obtain the area for 
which the equivalent radius would be determined. The equivalent radius was 
found by: 
r ~ (22) 
The equivalent radius was then added to 30 miles for each county. The 
approximate center of the area represented by the combined census divisions 
was utilized then to construct a 30 miles plus the equivalent radius circle for 
each county. Census Bureau maps subdividing each county into census 
divisions were used to plot the circles and to determine the resultant 
population (38). Surrounding state maps were used where circles included 
areas outside Kentucky (36, 37, 39, 40, 41, 42, 43). 
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DATA COMBINATION 
Basic Approach 
Having established a circle encompassing home areas to be used in the 
regression for n for each county fishing area, fisherman surveyed can be 
assigned to their respective home areas within the circle or excluded from the 
analysis because they come from too far away, Fishermen were assigned by 
census division within the county of the survey and by county for other counties 
within the circle. For those census divisions and counties within the circle 
which have no visitors or so few that the sample is not representative of the 
number of potential visitors, combinations with other census divisions or 
counties becomes necessarv in order to avoid bringing zero values for V. 
. l 
inio Equation 20. 
When data are aggregated to combine all fishing sites ( a site is defined 
for this study as a mile of fishing stream) in a county, the estimation of Dis 
complicated, The points between which D should be measured become scattered 
at both ends. Homes are scattered over one area. Miles of fishing stream are 
scattered over another area. Equation 18 might be applied by taking a given 
mile of fishing stream and averaging over residence locations in the home 
area, D might then be taken as the grand average of values of D from 
Equation 18 for all miles of fishing stream in the county. The very large 
amount of data (much of which would have to be measured from detailed 
maps showing each residence and stream location; which would have to be 
- 43 -
collec.ted and analyzed made such a thorough analysis infeasible. It should 
also be noted that because D is a function of n,. D can only be estimated 
t.hrough an iterative procedure in conjunction with the regression for n. 
For those census divisions and counties from which a reasonable 
number of fishermen were counted in the survey; the actual distance 
traveled by the fishermen to their preferred fishing .site can be utilized. The 
most practical estimate of the distance from such areas to a suitable fishing 
site is an average of the actual distances tr.aveled by the fishermen from· the 
area. From such an area, the necessary set of d~ta needed for 1;he 
· regression is comprised of P from census ~ata, V from counted fistie~men, 
and D from the average distance,the counted fishermen travelled. 
Measurementcof distance where a few visitors are scattered over a 
combination of many home areas provides stiU another. problem. The 
average of the actual distances traveled by the few fiahermen who represent 
the larger combined population is often not representative. .A Eean 
representative distance from the larger area over which the combined population 
is scattered cannot be directly measured from a map because a suitable center 
for the large home area is difficult to determine. Equation 18 simplifies the 
problem by providing a way for combining measurements of the distance from 
~ . . -
the individual population center of each home area in the combined group to the 
center of the fishing area. Fishing streams within a county are not so widely 
dispersed asto make the value of D sensitive to the exact center chosen. 
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In measuring distance, it is convenient to break the data into two 
categories. Data representing those areas for which the average actual 
travel distance can be used will be called Class I data. Data which represents 
those areas for which an average distance must be calculated using Equation 18 
will be called Class II data. 
Class I Data 
The home census division of fishermen living within the county and the 
home county of fishermen living in surrounding counties were located for each 
surveyed fisherman. Each census division within the county containing the 
fishing area, which had sufficient data on numbers of fishermen, provided a 
point for which population, average actual travel distance, and number of 
fishermen could be determined for the regression analysis. A point was like-
wise provided by each outside county which had sufficient data to warrant its 
consideration as a separate home area. In some cases, census divisions of 
bordering counties were separated from the remaining divisions of the county 
if all fishermen recorded from that county were recorded as living in the 
bordering census divisions. The remaining census divisions were combined 
into home areas for Class II data. 
Also in some cases, it even became necessary to combine census 
divisions within the county where the fishing took place in order to avoid 
unrepresentatively small sample sizes. When census divisions were~ so 
combined, the average actual distance traveled by all surveyed fishermen 
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living in the combined census divisions was used to estimate D. Distances 
traveled by fishermen within one census division of a county seemed to 
adequately represent fishermen from another census division in the same 
county where the two divisions are relatively close and similar. At best, the 
determination of combinations within the county and the determination of which 
surrounding counties can be i1~cluded in the Class I data is based on a judgment 
evaluation of data adequacy. 
Class II Data 
Class II data, ther, represents the home areas located within the circle 
but outside the county where the fishing occurred which could not be included in 
the Class I data because too few fishermen were sampled. For such areas, it 
was possible to measure the distance from the densest concentration of population 
in the area to fishing sites located in the county under consideration. Once 
those areas to be combined have been determined, the number of fishermen 
and the population of the component areas can be summed and an average 
distance representing the population calculated. The sum of the fishermen, 
population, and the calculated average distance can then be used as an additional 
point along with Class I points on which a regression analysis can be performed 
for n. 
In order to calculate D in Equation 18, PD-n must be determined for 
each census division or county included in the combined home areas. For 
each home area a distance was measured. Each home area population was 
then matched with its respective distance and Equation 18 applied. In order 
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to apply Equation 18, a value of n must be assumed. D can then be 
recalculated once n is determined to see what adjustment is necessary. 
While n will change with variation of D for Class II data points, an iterative 
process converges on an n very quickly. 
Distance (D) determined in this method would represent average 
distance which the average fishermen from the total combined area would have 
to travel to fish in the county for which n is being determined. Judgment must 
be used in determining which census divisions at the outer rim of the circle 
should be included. As a general rule, the circle had to enclose a majority 
of a census division for it to be included. Once a D, a combined population, 
and the number of fishermen representing the population has been determined 
the single point may be included with those determined as Class I points and a 
regression analysis can proceed. 
SAMPLE DETERMINATION OF REGRESSION DATA 
In order to reinforce the presentation of the method used to determine 
regression data, a sample county will be selected and regression data 
determined in the manner described previously. 
Casey County was selected as the sample county and is shown in 
Figure 7. Casey County has six census divisions, namely, South Fork, 
Liberty North, Liberty South, Dunnville, Middleburg, and Clementsville. 
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FIGURE 7: Sample Circle for Determining Home Areas (Casey 
County) 
1. South Fork and Liberty North 8. Berea 
2. Liberty South 9. Colony 
3. Dunnville 10. East Bernstadt 
4. Middleburg lL Parkers Lake 
5. Clementsville 12. Cumberland City 
6. Richmond West 13. Burkesville North 
7. Berea West 
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Fishing sites were surveyed in all census divisions of Casey County therefore 
the entire area of the county can be used in the equivalent circle. The area of 
Casey county is 435 square miles. An equ.ivalent circle would have a radius 
of approximately 12 miles. A circle of 42 miles was then constructed with the 
center of the circle located at the approximate center of the county area, The 
number of fishermen from each census division with.in Casey County and the 
number of fishermen from counties surrounding Casey County were th.en 
determined from fishing survey data (Table 2j. No fishermen were interviewed. 
from counties in the circle but not included on Table 2. The average actual 
distance was th.en calculated for the census divisions and counties represented 
(Table 2). F_rom Table 2 and Figure 7, it was decided that South Fork should 
be combined with. Liberty North.. Even though fishing sites in tb.e South Fork 
area had been surveyed, none of these interviewed lived in that census division. 
Because they are relatively close, the 5. 13 miles average distance traveled to 
fish would seem to represent that distance which fishermen in South Fork 
would travel to fish. The combination of South. Fork and Liberty North 
(population 4, 395), the rest of census divisions in Casey County, and Russell, 
Marion, Boyle, and Lincoln Counties were determined to be Class I data 
points. These counties surround Casey County. Pulaski and Adair Counties, 
although they show very few visitors and they border Casey County, b.ad 
fishermen who traveled much farther to fish in Casey County. It would then 
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TABLE 2 
FISHERMEN BY HOME AREAS t 'ASEY COUNTY) 
·Number Countv 
1 Casey 
1 
2 
3 
4 
5 
Census 
Division 
South Fork 
Liberty North 
Liberty South 
Dunnville 
I Middleburg 
Clementsville 
6 Russell j All 
7 Marion All 
8 Boyle All 
9 Lincoln All 
10 Pulaski All 
10 Adair All 
Number Actual Ave. 
of Distance 
Fishermen in miles 
0 0 
39 5.13 
2 5.00 
18 3.17 
21 2.52 
15 4.20 
3 LOO 
2 0,00 
15 1. 32 
31 2.70 
2 ll. 00 
2 lO. 00 
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1960 
Population 
1,384 
3, 011 
2,223 
2, 119 
3,193 
2,397 
11, 076 
16,887 
21;257 
16,503 
34,403 
14,699 
seem logical to pick these two counties to combine with the home areas with 
zero visitors so that the Class II data will have a positive value of V. 
As can be seen in Table 3, the populations of the remaining home 
areas in the circle were determined, an.d distances were measured from each 
of these 17 home areas including Pulaski and Adair Counties. Distances for 
Class II data were measured from the county seats to the center of the circle 
for the nine counties and from the approximate center of population in the eight 
census divisions on the rim of the circle to the center of the circle, 
By assuming n = 3, 00, Equation 18 can be applied to the Class II 
data and D found, D was 28, 00, the total population represented was 163, 877, 
and the number of fisherman-days was 4. As virtually all fishermen were found 
to be on one day fishing trips, fisherman-days turned out to be numerically 
equal to the number of fishermen. 
In this manner, data were aggregated for regression for each of the 
25 counties and North Elkhorn Creek. The Class I and Class II data for North 
Elkhorn Creek were bounded by an eliptical shape area around the 14-mile 
reach of the stream. An arc of radius 30 miles was drawn at each end of the 
14-mile reach, and a tangent connecting the arcs was constructed. Once the 
area to be included in the regression was determined, the Class I and Class II 
data were aggregated as described above. 
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TABLE 3 
CLASS II DATA FOR CASEY COUNTY 
Distance, 1960 
Countv Census Division in miles Population 
Pulaski All 21. 0 34,403 
Adair All 26.0 14,699 
Green All 33.0 11, 249 
Wasb.ington All 32.0 11, 168 
Garrard All 28.0 9,747 
Rockcastle All 31. 0 12,334 
Wayne All 31. 5 14,700 
Mercer All 31. 5 14,596 
Taylor All 35.0 16,285 
Madison Richmond West 39.0 2,662 
Berea West 38.0 2,408 
Berea 38. 0 4,302 
Laurel Colony 39.0 1,826 
East Bernstadt 41. 5 3,958 
McCreary Parkers Lake 38. 0 1,990 
Clinton Cumberland City 36. 0 2,796 
Cumberland Burkesville North. 42.5 4,754 
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LlNEAR REGRESSION FOR n 
Once the Class I and Class II data b.ad been obtained for eacb. of the 25 
counties and Nortb. Elkb.orn Creek, it was necessary to discaitd six counties 
because the visitors came from too few home areas for a reasonable regression 
to be completed. Tb.erefore n was determined for 19 counties and North 
Elkb.orn Creek. 
A Fortran IV computer program was written to calculate D from 
Equation 18 for each set of Class II data assuming an n equal to 3. 00. The 
resultant D, the sum of tb.e population represented by tb.e D, and the number 
of fishermen representing that population were added as a data point along with 
tb.e Class I data points and a regression analysis performed on tb.e resulting 
data points. Data points for each county and Nortb. Elkb.orn Creek are sb.own 
on ;Table 4. The program also completed a least squares regression analysis 
based on Equation 20. K was estimated in tb.e process, but tb.e resulting values 
were discarded because an estimate based on total annual visitation ratb.er tb.an 
the limited sample size was developed later. After n was determined from the 
regression, D was recalculated for tb.e Class II data, and the regression was 
repeated. In most cases, n changed by no more than one point in the third 
figure. n values for the evaluation are shown by county and for North Elkhorn 
Creek on Table 5. The program also indicated the number of fisherman-days 
predicted by the regression equation. Total predicted and total actual fisher-
men for each county and North Elkb.orn Creek are shown on Table 6. 
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TABLE 4 
GROUPED DATA 
County Average Distance, 1960 Actual 
in miles Population Fishermen 
Bourbon 6. 2 4, 944 27 
2.9 5,443 9 
4.8 7,791 70 
18.7 131,906 44 
12.4 21,075 11 
13.4 6,677 15 
15.6 15,367 12 
8.1 13, 704 12 
15.7 13, 461 3 
8.0 2,022 2 
32.3* 174,125 11 
Breathitt 2.0 4, 838 8 
1. 0 2,012 10 
1. 4 2,319 9 
1. 0 1,885 9 
1. 2 2,517 19 
1. 3 1,919 7 
10. 0 13,954 5 
28.4* 255,691 8 
*-
D calculated for Class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fishermen 
Carter 2.6 8,813 7 
5.7 5,321 29 
5.2 3,581 3 
6.7 3,102 8 
8. 7 6,330 6 
17. 9 52,163 27 
24.0 21,372 5 
30.9* 342,194 27 
Casey 5.1 4,395 39 
5.0 2,223 2 
3.2 2, 119 18 
' 
2.5 3,193 21 
4. 2 2,397 15 
11. 0 11, 076 3 
10. 0 16,887 2 
11. 3 21,257 15 
12.7 16,503 31 
28.0* 163, 877 4 
*-D calculated for class II data using n 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fishermen 
Daviess 2.2 53,669 85 
2.7 3,048 4 
5.0 4,779 2 
9.0 3,587 5 
12.0 5,505 2 
28.5* 337,864 23 
Estill 3.0 5,454 31 
(no class II data 2.3 2,051 14 
for this 3.0 1,888 9 
county) 1. 5 3,073 4 
5.0 7,420 2 
12.9 132,743 7 
39.0 156,332 3 
Franklin 5.2 29,421 85 
15.7 15,376 7 
15.5 11, 913 2 
15.7 18,493 3 
24.4* 262,290 5 
*-D calculated for Class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fishermen 
Greenup 4.0 6,183 23 
4.8 3,852 57 
6.0 3,175 5 
6.0 3,798 21 
6. 2 12,230 75 ' 
12.8 52,163 142 
21. 6 20,827 10 
25.4* 355,841 6 
Harrison L4 4, 011 22 
3.8 9,693 180 
26.0 131,906 141 
19.8 15,376 11 
13.4 18,178 17 
15.0 6,677 2 
21. 0 9,489 3 
30.0* 209,617 3 
Henderson 10.2 16,892 9 
4.3 16,627 15 
8.7 155, 828 14 
23.0* 230,456 4 
*-D calculated for Class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fisherman 
Laurel 3.0 3,067 6 
4.4 5,607 7 
10.0 9,377 28 
2.5 13,589 37 
2.0 1,826 2 
3.9 6,855 18 
27.5* 204,142 7 
Leslie 4. 0 4,361 20 
4.3 3,168 7 
4,5 3,412 6 
11. 0 15,579 18 
22.3 34,961 11 
29.3* 315,982 2 
Lewis 4.4 4,331 103 
2.7 3,609 51 
6,9 3,289 30 
7.0 1,886 3 
18,7 29, 238 72 
15,0 20,817 22 
30.0 52,163 56 
*-D calculated for class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fishermen 
Lewis 14.6 18,454 22 
23.0 10,890 14 
10,2 12,808 9 
25.0 6,330 3 
15.1 62, 234 58 
35.2* 128,292 18 
Magoffin 2.2 6,268 36 
6.7 3,151 6 
4.6 1, 737 5 
10. 0 11, 056 3 
24.0* 230,105 4 
Morgan 6.0 1,654 5 
5. 6 1, 995 13 
5.7 1,783 9 
8.7 2,768 20 
4. 0 2,856 2 
14.4 6,330 8 
12.0 19,748 7 
11. 5 11, 156 4 
• 
30.0* I 162. 712 7 
*-D calculated for Class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fisl:termen 
McCracken 60 7 4,627 23 
4.7 3,872 8 
8.3 7,525 3 
3.7 41,282 50 
23.3* 150,940 25 
Shelby 7.0 4,946 2 
60 5 13,547 8 
23o0* 852,879 135 
Spencer 2.6 6,680 25 
26o4 610,947 73 
80 4 15,726 10 
10. 7 18,493 6 
14o7 18,815 3 
28.3* 285,487 2 
Trigg 9.5 8,870 2 
1407 56,904 30 
26.0 13,073 2 
30.1* 144,906 3 
*-
D calculated for Class II data using n = 3. 00 
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TABLE 4 - Continued 
Average Distance, 1960 Actual 
County in miles Population Fishermen 
North Elkhorn Creek 9.2 29,421 19 
6. 5 13,401 42 
2.4 4,317 16 
15.9 131,906 34 
6. 4 11, 913 29 
20.9* 116, 642 7 
*-D calculated for Class II data using n = 3. 00 
• 
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TABLE 5 
11n11 VALUES FOR INDIVIDUAL COUNTIES AND NORTH ELKHORN CREEK 
County n County n 
Bourbon 1. 62 Laurel 1. 27 
Breathitt 1. 46 Leslie 2. 34 
Carter 1. 09 Lewis 1. 53 
Casey 2.32 Magoffin 2.52 
Daviess 1. 05 McCracken 1. 28 
Estill 1. 87 Morgan 1. 98 
Franklin 2.93 Shelby 0.93 
Greenup 2.50 Spencer 2.12 
Harrison 1. 51 Trigg 1. 80 
Henderson 2. 26 North Elkhorn Creek 1. 94 
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TABLE 6 
PREDICTED AND ACTUAL FISHERMEN BY COUNTY AND 
FOR NOR TH ELKHORN CREEK 
Predicted Actual Predicted 
County Fishermen Fishermen County Fishermen 
Bourbon 196 216 Laurel 91 
Breathitt 77 75 Leslie 59 
Carter 139 112 Lewis 396 
Casey 117 150 Magoffin 93 
Daviess 152 121 McCracken 100 
Estill 62 70 Morgan 77 
Franklin 136 102 Shelby 150 
Greenup 251 339 Spencer 84 
Harrison 251 379 Trigg 25 
Henderson 58 42 North Elkhorn 136 
Creek 
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Actual 
Fishermen 
99 
64 
461 
54 
86 
75 
145 
119 
37 
147 
Although 1county totals seem to indicate reasonable agreement between 
predicted and actual visitors, a similar comparison for the individual home 
areas pertaining to each county exhibited significantly more scatter. In almost 
all cases, too many visitors were being predicted from the larger populations 
of the combined home areas in the Class II data. 
The difference among n values for each county did not seem to follow 
any significant pattern. It was thus decided to see what would happen if all 139 
data sets were combined in one regression. The result was a value of n equal 
to 1. 483. The points and the regression line are shown on Figure 8, Again, 
too many visitors were being predicted from the Group II home areas. It was 
therefore decided to try weighting the large populations to account for their 
larger size. 
Each census division within the county under consideration was weighted 
as one, and each surrounding county or portion of a county included in a home 
area was weighted as one, The data points were then duplicated as many times 
as its weighting number indicated. In other words if a data point was weighted 
as 5 (represented five counties in whole or in part), the point would be 
represented by five identical data sets in the regression. The regression analysis 
was repeated based on Equation 20 and the resulting 465 points, and a value of 
n equal to 2. 008 was produced. The resulting equation predicted too many 
visitors from near-by home areas. 
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NONLINEAR REGRESSION FOR n 
Because the results based on the linear logarthmic model of Equation 20 
did not seem satisfactory, it was decided to also try a nonlinear regression. 
Values of V. were converted to W. utilizing Equation 21. Table 7 shows for 
I I 
Casey County the fraction of the 150 interviewed fishermen living in each of the 
ten home areas of Table 2. Also shown is the fraction of the total visitation 
associated with each home area by using the n values of 1. 48 (based on the 
unweighted linear regression including all counties), 1. 75 (based on nonlinear 
regression as will be presented later), 2. 00 (based on the weighted linear 
regression including all counties), and 2. 32 (based on the Casey County value 
on Table 5). The square of each difference between the associated and the 
observed fraction is also noted. The best estimate of n on the basis of 
Casey County data alone seems to lie between L 75 and 2. 00. 
The trend depicted on Table 7 suggested using Equation 21 and 
nonlinear regression combining data points from all 20 fishing areas. The 
calculating technique used took the 13 9 data points and systematically varied 
the value of n until the sum of the square of the difference between each data 
point's predicted and actual W. was minimized. The results of this method 
I 
produced a minimum sum of 2. 493 at n equal to 1. 75 compared with 2. 721 for 
n equal to 1. 50 and 2. 685 for n equal to 2. 00. Using the values of n found 
from the separate linear regressions for the individual counties gave a sum of 
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TABLE 7 
SAMPLE VARIATION IN ESTIMATED VISITOR DISTRIBUTION AMONG HOME AREAS FOR VARIOUS 
VALUES OF 11 n11 - CASEY COUNTY 
Recorded Visitors Predicted Visitors 
n = 1. 48 n = 1. 75 n = 2, 00 n = 2. 32 
Home 2 2 2 
Area Number Fraction Fraction Difference Fraction Difference Fraction Difference Fraction Difference 
1 39 0.260 0.076 0.034 0,086 0.030 0.091 0,029 0.092 0,028 
2 2 0.013 0.040 0,001 0. 045 0,001 0.048 0.001 0,050 0.001 
3 18 0.120 0.074 ·0.002 0.096 0,001 0.114 0.000 0.135 0.000 
4 21 0.140 0,157 0.000 0.216 0,006 0.273 0.018 0.347 0.043 
5 15 0.100 0.056 0.002 0.066 0.001 0,074 0.001 0.080 0,000 
6 3 0.020 0.062 0,002 0.057 0.001 0.050 0.001 0.040 0.000 
7 2 0.013 0.108 0.009 . o. 102 0.008 0.092 0.006 0.076 0.004 
8 15 0,100 0.113 0.000 0.103 0,000 0.099 9,000 0. 071 0.001 
9 31 0.207 0,074 0.018 0.066 0.020 0.056 0.023 0.042 0.027 
10 4 0.027 0.240 0.045 0.163 0.018 0.113 0.007 0.067 0.002 
Total 150 1. 000 1. 000 0.113 1. 000 0.086 1. 000 0.086 1. 000 0,106 
2 
about 2.175. After comparing these results, it was concluded that the loss in 
accuracy was insufficient and the size of sample was inadequate to differentiate 
geographically among the various values of n. A uniform value of 1. 75 would be 
used for fishing streams in all parts of Kentucky. 
With n = 1. 75, D was recalculated, As the value for n of 1. 75 
differed significantly from the value of 3. 00 used to estimate D for the Class II 
data points, each value of D was re-estimated. The new values for D were then 
used to reevaluate n. The results gave a value of n equal to 1. 75, and a 
minimum sum of the differences squared equal to 2. 491. The value for n had 
not changed and again was concluded to be 1. 75. 
LIMITATIONS OF THE FINDINGS 
The main limitation to the procedure used to evaluate n is associated 
with the relative small data sample size making it impossible to really be sure 
that n is reasonably independent of county location, stream order, and cutoff 
distance. Nevertheless, the values estimated seem to be relatively stable 
within the precision with which stream fishing benefits can be determined. 
It is also true that a certain amount of judgment had to be exercised 
in the methodology used to aggregate the data into the groups providing the data 
for the statistical analysis, Calculation of a cutoff distance will depend on the 
size of the sample of fishermen. Measurement of distances and the inclusion of 
population centers on the outer rim of the circle might be debated. The way in 
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which data groups were combined was essentially a value judgment based on an 
analysis of the specific situation. On the whole, however, the final value of 1. 75 
for n is probably relatively independent of value judgment errors. 
The value of 1. 75 found for n represents a statewide average for stream 
fishing conditions in Kentucky. It should be varified with local data before being 
applied in other areas. The existence of a uniform i.aalue becomes harder to 
.imagine as one includes a larger and more hetergeneous area. 
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CHAPTER IV 
DETERMINATION OF K 
INTRODUCTION 
The value of n as determined using Equation 21 depends on the relative 
fraction of the total fishermen fishing a given site coming from each home area. 
The factor K, as can be seen from Equation 2, is multiplied by each P./D.n 
1 1 
to get the total number of fishermen coming from the home area. Home area 
values are summed to get the grand totaL However, since the available data 
gave a sample rather than a grand total, some other data source had to be found 
to estimate K. 
In the most general formulation of Equation 2, K is subscripted by home 
area to denote the possibility that its value may vary from one such area to 
another. However, previous studies in Kentucky found the value of K to be 
largely independent of such home area properties as urbanization, age, and 
income levels. Tussey came to this conclusion after investigating reservoir 
recreation (34) while Holbrook found about the same thing by investigating 
sport hunting (12). Data were not available to investigate in depth, any potential 
variation of K among stream fishing areas having various characteristics, but 
use of a uniform value seems reasonable in light of the results of these previous 
studies. - 70 -
A related issue is the variation of K with time. The estimate of the 
economic value of a stream fishery lost through reservoir construction should 
be an average annual value over the project life. Projections made by the 
Bureau of Sport Fisheries and Wildlife, based largely on trends between 1955 
and 1960 in the percentage of population over twelve years old who fish, suggest 
a growth from 17, 6 in 1955 to 23. 0 in 2000 (48, pp. 83 - 84). This implies an 
annual growth rate of 0. 6%. The implication is that K, as an index of the 
propensity to go fishing, will increase at about this rate. 
The K at any future date can be estimated as: 
(23) 
where Y is the future date for which a value of K is desired. standard 
discounting techniques using a gradient series can be used to convert to an 
average annual value. The ratio of the discounted average annual value to the 
initial value of a series increasing at a growth rate of j and discounted over N 
years at discount rate i is: 
A 
a 
A 
p 
= ((1 + i)N - (1 + i)~li(l + i)Nj 
{_- (i-j) (1 +i)1t (1 +i)N-1 J 
For a discount rate of 4. 625%, a growth rate of 0. 6% and a project life of 
100 years, Aa/ Ap is 1. 14. 
The number of fisherman expected to fish a given stream will 
naturally, in most settings, increase faster than K because of increasing 
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population. The population pressure can be estimated by summing P./D.n 
l l 
over the surrounding home areas using values of P for the projected date. 
ESTIMATES OF VT 
Once K is concluded to be uniform among home areas, it can be 
estimated by applying Equation 2 to a given stream for which the average 
n 
annual number of fisherman-days is known. P./D. can be summed for the 
l l 
surrounding home areas and divided into VT for the estimate. However, this 
could not be done for the twenty locations used to estimate n because the 
sampling procedure did not permit an estimate of total annual number of 
fishermen. It was decided to try using published estimates of VT for other 
Kentucky streams. Such estimates have been made by the U.S. Department 
of Fish and Wildlife for the U.S. Army Crops of Engineers for four sites 
( Figure 6) where reservoirs are planned. 
One of the four projects is located on the Little Sandy River in Carter 
and Elliott Counties. A reservoir has already been built on the site. Part of 
the reservoir is in Carter County where data was collected for the stream 
fishing survey. Data from the stream fishing survey was utilized in estimating 
n, and n will be utilized to estimate a value for K thereby providing some 
measure of continuity in the evaluation. The planning estimates (45) 
predicted a loss of 300 angler-trips or fisherman-days per year for the 16 
miles of stream to be inundated. The 300 fisherman-days per year is the 
average annual value based on a project life of 100 years. 
- 72 -
The second proposed project selected was also in Carter County. 
Proposed Kehoe Reservoir on Tygarts Creek called for the annual loss of 300 
fisherman-days over 10 miles of stream, again the average annual value for a 
100-year project life (45). 
A third project was selected in Laurel and Whitley Counties. The Laurel 
River proposed dam near Corbin called for the flooding of 19. 5 miles of 
stream at the loss of 600 fisherman-days per year for the 100-year life of the 
project (44). Laurel County was also among the counties used in the determination 
of n. 
The last project selected was the proposed Royalton Reservoir located 
in Magoffin County on the Licking River (46). This project was to inundate 5 
miles of stream at a loss of 200 fisherman-days per year for the 100-year 
life of the project. Magoffin County was also used in determining n. 
All the estimates of fisherman-days lost in the above projects were 
converted to fisherman-days per mile of stream in order to provide a 
normalized basis for estimating the economic value of lost stream fisheries 
at other sites. The resulting values of K will cons~quently be per mile of 
stream. Values used for VT were 18. 75, 30. 00, 30. 80, and 40. 00 annual 
fisherman-days per mile of stream for the four projects Little Sandy River, 
Tygarts Creek, Laurel River, and Licking River respectively. 
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ESTIMATES OF P AND D 
The next step was to estimate for each site the sum of the values of 
n 
P./D. over the surrounding home areas. Home areas were defined to 
l l 
include all census divisions within the county where the stream is located and 
all counties or parts of counties large enough to include the majority of at least 
one census division for other counties within the cutoff distance. Based on the 
distribution of surveyed fishermen, a cutoff distance of 30 miles was again 
used as a radius. A circle enclosing the population to be included in the 
analysis was drawn on the census division maps with the center located at the 
approximate center of the proposed project. Project locations were 
determined from planning maps (44, 45, 46). Distances for each census 
division of the county in which the project was located were measured from 
the population center of the census division to the center of the circle. For 
surrounding counties enclosed in the circle, distances were measured from the 
county seat. Census divisions on the rim of the circle were included if the 
circle encompassed more than half their areas. Each distance measured had 
a corresponding 1960 census population (P). The values for P and D and the 
n 
n of 1. 75 provided home area values of P./D. which could be summed for 
l l 
each project. 
ESTIMATES OF K 
A computer program was written to evaluate K for each project based 
on the calculation scheme summarized on Table 8. The program calculated 
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for each home area, as defined above, a value for P./D.n using n equal to 1. 75 
1 1 
and 1960 census data. The home-area values were summed, and the total was 
divided into the project value of VT" The result is a solution for K according 
to Equation 2. 
Table 8 shows the values of K obtained for each project. The resulting 
value is an average annual value based analagous to A in Equation 24 because 
a 
VT represents an average annual number of fisherman-days over the life of 
the project. Thus, KL is the discounted average annual value for 100 years. 
K
60 
is the value of K for the year 1960 as estimated from the relationship 
between A and A in Equation 24. The estimates assume the increase of 
a p 
propensity to go fishing and population combined amount to about O. 6 percent 
annually in the vicinity of these reservoirs. The average value over the four 
projects for KL and K
60 
are 0. 0145 and 0. 0127 respectively. 
VARIATION OF K WITH STREAM ORDER 
The four proposed reservoir sites are located on streams of order 3, 
4, and 5. It can be postulated that K should vary with stream order. The 
survey data provides some information on this. K is proportional to the 
fisherman days per mile according to Equation 1. The data indicates the 
relative number of surveyed fisherman per mile by stream order. K should 
be smaller for lower order streams because fewer fish are found in such 
streams. The trend was varified by the observed lesser density of fishermen 
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.., 
"' 
VT 
Stream Miles 
VT per mile 
IP./D_n 
1 l 
KL 
K60 = KL/1. 14 
TABLE 8 
K VALUES FOR FOUR RESERVOIR SITES 
Little Sandy River Tygarts Creek 
300 300 
16,0 10,0 
18,75 30.00 
2035.58 1997.80 
0.0092 0,0150 
0,0081 0,0132 
Laurel River Licking River 
600 200 
19.5 5,0 
30.80 40.00 
1983,26 2194.79 
0.0155 0,0182 
0.0136 0.0160 
along lower order streams. streams of order 5 or less are widely scattered 
throughout Kentucky. Thus, the survey data provided a relatively random 
sample of fisherman days per mile along these streams. It is more difficult 
to predict from the available data what K will be for streams of order 6, 7, 8, 
9, and 10. The number of miles of these streams which flow through or on the 
borders of Kentucky are relatively few. Consequently, the survey sample was 
small and the implied values of K were quite scattered. 
As will be shown in Chapter V, unit values for a fisherman-day do not 
vary significantly among stream orders 3 through 5. It is reasonable to assume 
that K will not vary significantly for these orders. However, there is reason 
to believe that K will be lower for lower order streams. It is convenient to 
develop a factor which can be multiplied by a K value obtained for order 3 
through 5 streams to ascertain the annual fisherman-days along streams. 
The ratio of the fraction of the number of fishermen surveyed who 
fished each order stream in Kentucky to the fraction of miles of stream of 
each order in the United States provides a convenient index for relating K to 
stream order (Table 9). The sample number is the total:number of 
fishermen who fished each stream order as surveyed. The sample fraction is 
the fraction of the total number who fished each order to the total who fished 
orders 1 through 6 combined. Those who fished order 6 streams were included 
to represent the affect of the higher order streams. The number of miles of 
stream in each order for the United States is that determined from a table 
derived by Leopold (23). The fraction of miles of streams in each order is the 
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I 
""" 00 
Stream 
Order 
1 
2 
3 
4 
5 
6-10 
1 
Number of 
Fishermen 
Surveyed 
1 
69 
513 
943 
1140 
TABLE 9 
FACTORS FOR ADJUSTING K FOR STREAM ORDER 
2 3 4 5 6 
Fractiona of Number of Fraction a of Normalized 
Sampled Miles of Miles of Column 2 K 
*** Fishermen Streams in U.S. Streams in U.S. Column 4 Factor 
0,0003 1. 572, 000 0.4910 0.0006 0,000* 
0.0242 809.000 0.2527 0.0957 0.025 
0,1803 ·. 424. 000 0.1324 1. 3617 0.358 
. o. 3315 : 219. 000 0.0684 4.8464 1. 273 
0,4008 116. 000 o. 0362 11. 0718 2. 909 
t"---7 2.909** 
a - based on Orders 1 through 6 
* - Rounded Value 
** - Valu.e taken as that for fifth order streams 
*** - K factor = Column 5 /.. 3. 806 (3. 806 being the ratio of the 
fraction of sampled fishermen for orders 3 through 6 (0. 9755) to tb.e 
fraction of the number of miles of stream in the United States for 
orders 3 through 6 (0. 2563)) 
total miles of stream in the United States in each order divided by the total 
miles of stream for orders 1 through 6. Column 5 on Table 9 is the sample 
fraction divided by the fraction of miles of stream in the United States. Due to 
the lack of sufficient data on orders 7 through 10, these orders were grouped 
with ordet 6 streams, and order 6 data only was included in the evaluation of 
K factors. 
Use of the K factors allows determination using Equation 2 of the 
number of fishermen on each individual order stream once an average value for 
K is determined. The values in column 5 were normalized by dividing by 
3. 806, which is the ratio of the fraction of sampled fishermen for orders 3 
through 6 combined to the fraction of the number of miles of streams in the 
United States in these orders,. to get factors in column 6. The K factor for 
orders 6 through 10 was taken as . .that for order 5 streams because of the large 
random estimating error created by the small sample size for these orders and 
of the trend noted in unit values per fisherman day showing no continued increase 
for even larger streams. As can be seen from Table 9, first order streams 
reflected negligible fishing. This further substantiates the idea that first 
order streams provide little, if any, fishing opportunity. 
ESTIMATES OF K BASED ON REGIONAL DATA 
Fisherman-Days per Mile (VT) 
In order to gain insight into how well the data obtained from the four 
reservoir sites estimates · K for KentuckY streams, it is necessary to examine 
- 79 -
the representativeness of the values used for VT" This can be done by comparing 
the VT specified for the four projects with an estimate of the average annual 
fisherman-days per mile for all streams obtained through data collected by the 
National Fishing and Hunting Survey (47) and the report on sport fishing 
published by the Outdoor Recreation Resources Review Commission (48). 
In 1960 there were 707, 500 miles of public fresh water streams in the 
48 contiguous states (48, p. 96). If it is only the lowest order streams which 
are not suitable for fishing and using Leopold's table (23) to estimate total stream 
length by order, this mileage includes approximately 60% of the third order 
streams and no first and second order streams. Actually, this statement 
assumes all of the larger streams can be fished when actually pollution and the 
other effects of urban industrial congestion have destroyed fishing in some 
streams of all sizes. For these 707, 500 miles, there were 62, 700, 000 
fisherman-days annually spent fishing (48, p. 79). These figures imply for the 
48 states an average value for VT in 1960 of 88. 7 fisherman-days/mile. For 
the year 2000, the projected number of fisherman-days of 68, 000, 000 indicates 
a growth rate of 2. 4% per year (48, p. 79). 
In 1960, there were 34, 649, 000 fisherman-days recorded for all types 
of fishing (including reservoirs and oceans) in the East South Central area 
(48, p. 84). The East South Central area includes Kentucky, Tennessee, 
Alabama, and Mississippi. Of the 34, 649, 000 fisherman-days for this area, 
only 16% can be allocated to streams based on the national estimate that 
62, 700, 000 fisherman-days represents 16% of all fishing effort (48, p. 24). 
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There would then be 5, 543, 840 stream fisherman-days for this area in 1960. 
Likewise, for the year 2000 out of the 75, 000, 000 projected fisherman-days 
only 12, ooo·, 000 can be attributed to stream fishing (48, p. 84). This implies 
an annual growth rate of 2. 5%. For the 65, 000 miles of fresh water streams (48, 
p. 96) in this area, the value of VT in 1960 per mile of stream would be 85. 3 
fisherman-days. 
The estimated values of VT from the four projects are thus considerably 
lower than the National average value and tile East South Central average value. 
The low values of VT used for the four reservoir sites suggests that in all 
probability the value of K obtained from them is too low to be representative 
of average Kentucky conditions. By assuming that the 65, 000 miles of streams 
in the East South Central States are more representative of average conditions 
in Kentucky streams than the data from the four reservoir sites, one would 
get an average value for VT of 85. 3 fishermen per mile per year. 
. n 
Populat10n Pressure (£P. /D. 
1 1 
One needs an estimate of the average value of;£.P./D.n for the four 
1 1 
East South Central States to calculate a K for the value of VT determined in 
the previous section. Each mile of fishing stream within these four states 
would have some value of ~P./D.n from home areas within 30 miles. 
1 1 
Conceptually, all these values could be computed, and the average value could 
be determined. For practical reasons, however, this approach was out of the 
question even though it provides the best results for a given geographical site. 
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One might, in developing an alternative method for calculating the 
population pressure, consider a uniform population density of S people per 
square mile spread over the area around the fishing site. If the summation is 
done through integration, 
p -n D d D (25) 
The population living in the annular ring of area 21TD d D, representing those 
spots D miles from the site, would be 27TSDdD. DL is best taken as one to 
avoid predicting an extremely large number of fisherman-days from those 
living quite close to the site. DU has previously been set at 30, The value 
for n is 1. 75. Substitution in Equation 25 gives 
VT . 
K 
Through integration 
VT 
= 
K 
= 
J30 2 1rSD-O. 75 d D 
= 1 
30 
0.25 Jl 2 778 D 0.25 
33.7 s 
(26) 
(27) 
where S is the average population density per square mile. An overall average 
S is not suitable for estimating K because fishing streams tend to be located 
in rural areas of relatively low population density. S was estimated for the 
four-state area (Alabama, Kentucky, Mississippi, Tennessee) excluding the 
population and areas of counties having over 100, 000 people in the 1960 census. 
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The resulting S is 46. 6 people per square mile. Its use in Equation 27 would 
yield an estimate biased toward the low side by neglecting the population pressure 
created on fishing streams by metropolitan areas and biased toward the high 
side by the tendency of even rural population to cluster in small towns. 
Substitution of 46. 6 for S and 85. 3 for VT in Equation 27 gives a value for K 
of 0. 054. 
The above value for K represents a collective estimate for third 
order and higher streams under 1960 conditions. Table 9 provides factors 
which can be multiplied by this base value to estimate a K appropriate for a 
specific stream order. Future values of K can be projected using Equation 23. 
LIMITATIONS TO THE ESTIMATE OF K 
The values of VT used in the estimation of K are in all probability 
greater than the number of fisherman-days enjoyed by those living within the 
30 mile radius used for a cutoff distance. Some fishermen do travel more 
than 30 miles. However, the estimate compensates for this fact by assigning 
a value to K which is a little large. In the procedure for determining the 
economic value of a fishing stream, values of fishermen predicted will in all 
probability be too large for each home area included, but the excess is 
associated with visitors from beyond the cutoff distance. 
The derived value of K will not work well in areas where the local 
population is very small and a large percentage of visitors come from beyond 
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the 30 mile radius. An example would be a remote fishing site. Judgment 
must thus be used in including or excluding population at the rim of the circle 
encompassing home areas summed using Equation 2. The value of K was 
derived for average fishing streams in Southeastern United States and 
consequently, should not be applied in other regions without further 
investigation. It should be adjusted for particular fishing streams known to 
be either substantially better or worse than average. 
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CHAPTER V 
DETERMINATION OF A UNIT VALUE PER FISHERMAN-DAY 
INTRODUCTION 
Recreation benefits are determined by assigning an economic value to 
a recreation experience. The value may be collectively assigned to the 
aggregate experience of all recreation visitors (34, p. 137). In this. 
case, an average benefit equal to the total benefit devided by total visitor-days 
is implied. The value may also be assigned to the average experience. In 
this case, an aggregate benefit may be estimated as the product of unit benefit 
and total visitor-days. The merit of the second approach comes through the 
simplicity of application. The time and effort necessary to deduce a 
collective value may not be warranted for preliminary planning or where the 
necessary basic data is not readily available. If the unit value per fisherman-
day can be determined as a function of the properties of a fishing site, a table 
or an equation providing the relationship becomes an important planning tool. 
It should be stressed again that any such unit value is an average and does 
not necessarily apply to any particular fisherman. 
Different investigators have used different methods in different studies 
to propose a variety of unit values (3, 5, 6, 20, 26, 28, 34). The method 
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gaining the most widespread acceptance is based on the cost of travel to realize 
a recreation experience. The approach assumes that the primary influence 
causing progressively fewer prople to visit increasingly more distant 
recreation sites is the incremental sacrifice in time, money, and discomfort 
required to travel a greater distance to a site. In the format of Figure 1, the 
decrease in the number of visitors to a given site per additional mile of travel 
distance can be explained by the increase in travel cost (measured in time and 
expense). The total benefit is represented by the area between the vertical 
lines representing the distance to the site (D) and cutoff distance (L) on 
Figure 1. The unit benefit is the total benefit divided by the total visitation. 
The unit value does not distinguish between a day spent as a whole and one 
spent only in part in recreation. 
A value must be attached to the distance an individual travels to 
participate in recreation in order to translate the area under Figure 1 from 
distance to dollar units. If a cost for travel can be established, a unit value 
can be found for a recreation-day. The concept that the individual pays for 
travel through direct transportation expense, the cost of food and lodging in 
transit, and the time spent was used to derive Equation 10. Equation 10 will 
be utilized to estimate a unit value per mile of travel and indirectly a unit 
value per fisherman-day for this study. 
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DEVELOPING A METHOD 
Finding a unit value for a fisherman-day (estimating the area under 
Figure 1) requires collecting data on the distance fishermen travel from their 
home to where they fish. Where part of the trip is for purposes other than 
fishing, the total distance traveled must be adjusted to out-of-the-way distance 
in the same manner it was for reservoirs as explained in Chapter I (34, pp. 77-
80). Applying the n value of 1. 75 determined in Cb.apter III to relate distance to 
visitation and establishing a cost per mile of distance traveled will produce a 
unit value for a fisherman-day. Equation 14 estimates a value for those 
fishermen whose home is D miles away and who fish at the site. For this 
study, data obtained from the state-wide stream fishing survey and the North 
Elkhorn Creek survey were utilized to estimate average values of UV based 
on Equation 17 after adjusting each D. by multiplying by the appropriate R. 
l l 
from Equation 19 in the manner described in Cb.apter I. 
FACTORS AFFECTING UV 
In order to apply fishing survey data to estimating the value of a 
selected stream fishery, it is necessary to consider the likely pattern of 
variation in values of UV. The analysis requires selection of those factors 
significantly associated with variations in UV and determination of the pattern 
of variation with those factors which are significant. It is impractical to 
specifically specify unit value for every site at which a fisherman may decide 
to test his skill. 
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As discussed in Chapter II, one factor likely to influence the unit value 
per fisherman-day is the ability of the stream to support fish life. Because 
stream order affects ability to support fish life, UV will be initially 
differentiated by stream order; Of course, all values cr,_n be combined later 
if UV is found to remain relatively constant with stream order. 
Geographical location of the stream is another factor likely to affect 
UV or the economic value of a stream fishery. The mountain streams of 
Eastern Kentucky are certainly different from those flowing through the flatter 
farmland of Central and Western Kentucky. Therefore, the determination of a 
unit value for each county surveyed and comparison with other counties may 
provide an insight into how the unit value varies geographically over the state. 
UV will thus be determined for each county. 
Once UV is determined by county and by stream order, it is necessary 
to determine if other factors affect UV. Many other factors might be 
considered, but for this study UV will be tested by county to determine if it 
varies with: 
1. The geographical region where the county is located within the 
state. 
2. The air distance from the county seat to the nearest interstate 
highway as an index of general access. 
3. The county population as an index of fishing pressure and 
environmental quality. 
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4. The air distance to the nearest city with a population greater than 
25, 000 as an index of the influence of nearby small urban centers. 
5. The number of counties from which the county being considered is 
removed from a standard metropolitan area as an index of the 
influence of nearby large urban centers. 
6. The air distance from the county seat to a stream of order higher 
than the highest order fished in the county as an index of possible 
competition from better fishing sites. 
EVALUATION OF COSTS 
The cost per mile of travel (C in Equation 17) is determined by 
evaluating the terms in Equation 10, a, m, t, v, b, and p as defined in 
Chapter I. All dollar values were estimated in 1968 dollars. Consequently, 
all unit values will also be in these units. 
From a review of the fishing data obtained for this study and the data 
obtained by the 1965 National Survey of Fishing and Hunting, the value for 
food and lodging above that spent at home expressed as a fraction of vehicle 
operating cost was considered to be zero for the majority of fishermen. This 
is justified by the fact that most fishermen spend one day or less at a fishing 
site thereby incur little if any cost for food and lodging above that which would 
have been spent at home. The National Fishing Survey found that a small 
percentage (5%) of all types of fishermen in the East South Central area 
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spent more than one day at a fishing site (47, p. 44). When the availability 
of accommodations near fishing streams versus those near lakes and reservoirs 
is considered, the percentage of stream fishermen who spend more than one 
day at a site is probably even lower. Therefore the value for a in Equation 10 
is considered to be zero. 
In 1961, Wilbur Smith and Associates (52) estimated marginal vehicle 
operating cost (m) to be O. 053 dollars per mile. Converting this value to 
1968 dollars by using the Bureau. of Labor Statistics' Table based on the 
Consumer Price Index (49), gave a value form equal to 0. 060 dollars per 
mile. The ratio applied was 46. 5 to 40. 0, being the value of the dollar in 
1961 versus that of 1968. 
The Stanford Research Institute in 1967 published a report (11) in which 
the value of a vehicle hour of traveling time (t) was estimated at $2. 82. This 
value was also converted to 1968 dollars using the ratio 41. 6 to 40. 0 from the 
same table used for m. The value used fort then becomes $2. 93 per hour. 
The legal speed limit on rural Kentucky highways during daylight 
hours is 60 mph. The AASHO Committee on Planning and Design Policies (1) 
found a mean travel velocity of 40 mph for this type of highway with a maximum 
speed of 60 mph. The majority of fishing sites where fishermen were 
interviewed by the county conservation officers were located near rural high-
ways, and the majority of fishermen surveyed used rural highways to reach 
fishing sites. Therefore, the value for v in Equation 10 was set at 40 mph. 
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As explained previously, only a very small percentage (5%) of all types 
of fishermen in the East South Central area of the United States (47) spent 
more than one day at a fishing site. Therefore, b or the number of days 
spent at a site can be taken as one. 
Another study of Kentucky Tourist Preferences (2) estimates that 50% 
of all types of fishermen travel in a party of two. The data collected from 
North Elkhorn Creek and the 25 counties indicated a majority (approximately 
60%) travel in a party of two for these areas. Then, the number of people 
who travel in a party, p, was selected as 2. 0 for Equation 10. 
Substitution of the above values into Equation 10 results in a cost per 
mile of 0. 16 dollars per fisherman-day. It should be stressed that the values 
presented are not intended to indicate a value for a particular fisherman. 
Individual fishermen preferences will most certainly vary. The values are 
presented only as averages. 
EVALUATING UV 
In the evaluation of UV, it is necessary to consider the effect of the 
maximum distance (L), as defined in Chapter I, fishermen are willing to travel 
to fish. It can be seen from Figure 1 that extrapolation of the curve to infinity 
using regression data based on visitors from within 30 miles of a site is not 
very realistic. It is therefore necessary to use a cutoff distance (L) in order 
to prevent the visitation prediction equation from indicating a willingness of a 
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few fishermen to travel hundreds of miles to fish Kentucky streams. The 
effect of alternate values of L on UV can be calculated by Equation 14a. The 
concept of L chops off the right hand tail of Figure 1 at the indicated mileage. 
An L must be selected. Research in the area of reservoir recreation 
has found an average maximum out-of-the-way distance a visitor is willing to 
travel to a reservoir site. Tussey (34, p, 79) found that the average visitor is 
willing to travel only 150 miles out of his way to reach a site and that this 
distance was relatively independent of how much more than 200 miles it was to 
his home. For a lack of any better data, it is hypothesized that stream 
fishermen will react in the same manner. Therefore, the value for L was 
taken as 150 miles. 
In order to avoid individual integration to L, a ratio (R) was derived in 
Chapter I to be applied to each distance traveled. R, in Equation 19, when 
applied to a distance (D) will have the effect of cutting off the area under 
Figure 1 at some maximum fishing travel distance rather than integrating to 
an indefinitely large value, The effect R has on reducing the unit value per 
fisherman-day, by saying no fisherman is willing to travel more than L miles 
as contrasted to saying a few would be willing to travel thousands of miles, 
can be seen in Figure 2. Using n equal to 1. 75 as determined in Chapter III 
and L equals to 150 miles, the value assigned to a given fisherman is seen to 
increase to a maximum at D equals 46 miles and then decrease for larger 
values of D. As it did not seem reasonable to assume a fisherman living 
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100 miles away would receive a smaller value than one living 50 miles away, 
it was decided to hold RD at its maximum value for distances over 46 miles. 
In terms of the integration, th.is implies integrating to a variable as contrasted 
to a constant upper limit. 
RESULTS OF ESTIMATING UV 
A Fortran IV computer program was written to calculate UV for each of 
the 25 counties and North Elkhorn Creek and by stream order using Equation 1 7. 
The value for n was 1. 75, and C was 0. 16 dollars. Distances used were those 
measured from fishing survey data in air miles and converted to out-of-the-
way distance using Tussey's curve (34, p. 79). 
Two approaches were tried for comparison. The first trial was made 
without applying the ratio (R) to the distances. The second trial was made 
with the ratio applied to each distance. The results are shown on Table 10 for 
each county and North Elkhorn Creek and Table 11 for each stream order. 
From the results it can be seen that UV is quite large when R was not applied 
for those areas which recorded a small number of fishermen from a great 
distance. 
COMPARING UNIT VALUES 
From Table 11 unit values are shown to vary by stream order. For 
orders 3, 4, and 5, UV seems to be fairly constant. For orders 6 and 7, UV 
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TABLE 10 
UV BY COUNTY AND FOR NORTH ELKHORN CREEK 
County UV, in dollars (without R) UV, in dollars (with R) 
Bourbon 3.07 1. 69 
Breathitt 0.74 0.56 
Carter 3.16 1. 89 
Casey 3.41 1. 35 
Daviess 1. 63 o. 90 
Estill 1. 57 0.85 
Franklin 2.03 1. 31 
Greenup 2.40 1. 52 
Hardin 5.27 2.41 
Harrison 3.15 1. 80 
Henderson 1. 76 1. 33 
Hickman 5.15 2.09 
Laurel 1. 81 1. 09 
Lee 4.57 1. 56 
Leslie 3.11 1. 39 
Lewis 5.80 2.19 
McCracken 1.44 1.14 
Magoffin 0.92 0.76 
Marion 5.53 2.53 
Morgan 2.87 1. 56 
Owen 4.16 2.12 
Pulaski 1. 55 1. 18 
Shelby 6.11 3.06 
Spencer 4. 09 2.35 
Trigg 4.87 2. 45 
Average for Counties 3.51 1. 74 
North Elkhorn Creek 2.18* 1. 53* 
* Average Values for 9 access points. 
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TABLE 11 
UV BY STREAM ORDER 
, Number of Stream Order Fact or 
Stream Fishermen UV, in dollars UV, in dollars UV (with R) 
Order Surveyed 
(without R) (with R) UV 
1 1 0.21 0.21 0.1206 
2 69 2.97 1. 35 0.7758 
3 513 4.15 1. 83 1. 0517 
4 943 3.48 1. 82 1. 0459 
5 1140 3.61 1. 81 1. 0402 
6 178 3.15 1. 66 0.9540 
• 
7 9 1.16 0.97 0.5574 
8 251 2.62 1. 22 0. 7011 
9 63 1. 67 1. 27 0.7298 
10 5 14.74 2.68 1. 5402 
UV= $3. 51 UV= $1. 74 
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is decreasing. Values for orders 8, 9, and 10 begin to increase again. Order 
10 has the highest unit value at $2. 68. 
A unit value of $0. 21 was found for first order streams. This value is 
based on only one fisherman interviewed, and he lived only one mile from the 
fishing site. The implication is that most first order streams will not attract 
fishermen because of their limited ability to support fish life. 
Data on orders 2, 7, 9, and 10 were also limited, but trends seem to 
indicate that some inference can be made on these order streams. It seems 
that stream order causes UV to begin low (order 2), remain fairly constant at 
a high value (orders 3, 4, 5), decrease again (orders 6, 7), and finally 
increase to its largest value (order 10). However, this last point is based on 
three men from Chicago found fishing on the Mississippi River and is thus 
probably not statistically valid. The overall trend seems to be that the value 
per fisherman-day increases with stream order up to three because of the 
increasing variety of available fishlife. After order six, it begins to decline, 
possibly because of pollution and other man-caused interference, which is often 
most severe in the largest streams. It is fairly reasonable then to conclude 
that for orders 3, 4, and 5, UV is constant. Values are lower for other orders. 
It is therefore convenient to develop a curve which can be used to signify the 
effect of stream order on the unit value. 
A stream order factor is defined for this study as the unit value for the 
specified order divided by the average unit value determined for all streams 
combined. The fractions shown on Table 11 are plotted in Figure 9. A 
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smooth curve is drawn through the points, and rounded values for each order 
are tabulated on the Figure. Because the data on the larger orders was 
scarce, the general trend of a decreasing unit value for orders 6 through 10, 
as discussed previously, was utilized in constructing the best possible curve. 
COMPARING UV WITH FACTORS 
Table 12 lists for each county unit values along with numerical values 
for each of the six factors previously hypothesized as likely to influence the 
value. In the column headed "Section of State" the abbreviations are the 
physiographic regions of the state (19, p. 75) defined as: 
I. B. G. 
0. B. G. 
E. C. F. 
W. C. F. 
M.P.E.A. 
M. P. W. A. 
K.E. 
J.P. 
Inner Blue Grass 
Outer Blue Grass 
Eastern Coal Fields 
Western Coal Fields 
Mississippi Plateau Eastern Area 
Mississippi Plateau Western Area 
Knobs and Escarpment 
Jackson Purchase 
The 1960 county population (38) does not reveal any trends as to how 
UV reacts to the size of the county population. In some cases where 
population of two counties are almost the same (Franklin and Greenup or 
Spencer and Trigg), unit values are almost the same. However, in other 
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cases where UV seems to be identical county populations differ greatly 
(Daviess and Estill Counties). 
Air distance to cities with a population greater than 25, 000, air 
distance to the nearest interstate highway, and air distance to the stream of 
next higher order were all measured from the county seats using Kentucky 
State Highway maps. None of these factors can be seen to influence UV 
greatly probably because so large a percentage of the fishermen live in the 
local area and are not influenced by access of the area to urban population 
nor are they willing to travel great distances to some better stream. 
The same reasoning also applies to the number of counties which a 
county is removed from the standard metropolitan area. The numbers were 
determined from an SMA map published in the 1960 census report for 
Kentucky (38). These also vary widely and no definite trend can be 
determined. 
The only factor which seems to have a pattern is the variation of UV 
by regions of the state. This pattern is best seen by plotting equal value lines 
on a state map showing the physiographic regions. The Eastern and Western 
Coal Fields seem to be associated with the lowest values of UV. The 
Mississippian Plateau Western Area, Outer Blue Grass, and Knobs and 
Escarpment regions reflect high values of UV. Reasons for the differences 
among the regions might include differences in stream slope, access to fishing 
sites, stream pollution, and the population density near streams (high in 
mountains and low in flat areas). 
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TABLE 12 
FACTORS CONSIDERED IN ANALYZING VARIATIONS IN UV 
UV 
Air distance in Air Distance Air Distance in 
1960 miles to a city in miles to miles to stream 
in > 25, 000 nearest Inter- of Higher Order 
ColJI)tv dollars Population state Highwav 
B:",_"-~. . L.69. ... tis. 1.78. . 18 ..... . . . 14 ... .. . . ?.O 
Breathitt 0.56 15.490 66 16 17 
Carter 1. 89 20.817 18 1 22 
Casev 1. 35 14,327 53 35 30 ·-
Daviess 0.90 70.588 9 20 51 
Estill 0.85 12.466 36 10 67 
Franklin 1. 31 29,421 30 3 37 
Greenup 1. 52 29,238 12 14 1 
Hardin 2.41 67.789 36 1 22 
Harrison 1.80 13.704 24 14 21 
Henders;on 1.3::l ~~ fil9 9 1 25 
Hickman 2.09 6.747 34 11 8 
Laurel 1. 09 24.901 64 1 20 
T An 1 F.f, 7 420 52 13 7:3 
T.acHa 1 on 1() <),11 QO ~il '.1~ 
Lewis 2.19 13, 115 19 18 202 
McCracken 1.14 57,306 6 22 30 
Magoffin 0.76 11, 156 52 1 16 
Marion 2.53 16, 887 49 8 19 
Morgan 1. 56 ll,056 47 12 27 
Owen 2.12 8,237 36 11 17 
Pulaski 1.18 34,403 62 26 16 
Shelby 3.06 18 493 26 2 9 
Spencer 2.35 5,680 24 11 27 
Trigg 2.45 8,870 42 17 25 
North Elkhorn 1. 53 44,617 16.6 5.3 6.2 
Creek* 
Average Values 
Number of 
Counties Section 
Removed of 
from SMA State 
. .2 . I.B. G . 
5 Eo C. F. 
2 E. C. F. 
5 M, P. E. A. 
2 W, C F. 
3 K.E. 
3 l, B. G. 
2 E, C, F, -
3 M. P. W. A. 
3 0-B-G. 
1 W.C F. 
7 J, P. 
4 :I~~ C. "E'. 
~t E •. C. F. . 
c, v r, -~· 
3 K-E-
5 J.P. 
4 E. C. F. 
4 K.E. 
3 E. C. F. 
3 0.B.G. 
4 M, P. E.A. -· 2 O. B. G. 
2 O.B, G .. 
5 M. P. W.A. 
2.5 I. B. G. 
.... 
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ESTIMATION OF UV 
The unit value per fisherman-day was thus found to vary from one section 
of Kentucky to another and with stream order. The recommended procedure for 
estimating UV is to determine the stream order and geographical location of the 
site where a value is needed. The location value can be picked from Figure 10. 
The factor for adjusting to the desired stream order can be read from Figure 9. 
The product of the two numbers is the desired value. 
LIMITATIONS OF THE ESTIMATE 
The analysis of UV is directly related to the value of n. As n varies, so 
will U (12). A small value for n implies visitors coming from large distances v . 
and hence a high value of UV. A geographical pattern was found to the 
variation of UV but not n. It is more difficult to estimate n (a slope) 
than UV (an average) from limited data. Probably the biggest limitation to the 
analysis is the small sample size. 
Evaluation the proper cost for a mile of travel could be improved if 
better data becomes available through research on the different terms in 
Equation 10. The value of R is also necessarily dependant on n and the proper 
cutoff distance L, both of which might be investigated in greater depth were 
more empirical data available. 
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CHAPTER VI 
APPLICATION OF METHOD AND CONCLUSIONS 
INTRODUCTION 
Two tasks remain to be accomplished. First, the procedures and 
empirically derived coefficients as developed in the preceeding chapters need 
to be synthesized into a methodology for estimating the economic benefit 
associated with fishing on any given Kentucky stream. This will be done 
through an illustrative example. Second, the validity of the resulting estimate 
and the procedures used to obtain it need to be reviewed. The review must 
consider further research needed to refine and improve the resulting estimate. 
APPLYING THE METHOD 
The Site 
In developing a method for estimating reservoir recreation benefits, 
Tussey (34) studied Rough River Reservoir in Breckinridge and Grayson 
Counties, Kentucky. Rough River Reservoir (Figure 6) is located on a fifth 
order stream, and it also floods streams of each lower order. The location 
provides a convenient site for applying the approach to estimating the economic 
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value of a stream fishery destroyed by a reservoir project. For this purpose, 
the streams are assumed to be in their 1960 condition when they were not yet 
flooded because the project had not been built. The project life and interest 
rate are assumed to be 100 years and 4. 625% respectively. The economic 
value of the streams flooded by the normal summer pool will be determined by 
stream order and summed for a total value. 
The lower flood season pool was not used because during most of the 
fishing season (late spring and summer) the reservoir is fuller. When the 
reservoir is holding flood waters on a short-term basis, fishing is negligible. 
Normal summer pool height at Rough River Reservoir is 495 feet above mean 
sea level. 
At this pool height, Rough River Reservoir floods 13. 4 miles of second 
order streams, 10. 4 miles of third order streams, 48. 9 miles of fourth order 
streams, and 2. 9 miles of fifth order streams. First order streams were not 
measured because they support so little fishing. Stream order was determined 
from the same map showing streams in Kentucky used in evaluating stream 
order for surveyed fishing sites. The length of streams were measured from 
a 1:24, 000 scale topographic map of Rough River Reservoir published before 
flooding of the streams occurred. Stream miles were measured from the dam 
to the point on the respective tributary streams where the 495-foot contour 
was reached. 
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Population and Distance Data 
The first step in evaluating stream benefits is to predict the number of 
visitors or fisherman-days which the stream would attract. This value should 
be an average annual value over the planning period (life of the proposed 
project) if the project is not built, Fisherman-days are predicted by 
Equation 2. In order to apply Equation 2, population distribution and distances 
from home areas need to be determined, 
A cutoff distance of 30 miles was selected, and n was taken to be 1. 75 
as determined in Chapter III. The cutoff distance was measured from three 
points because of the size and the triangular shape of the extremities of the 
reservoir. One point was selected on Rough River at the dam site, another 
at the upstream end of the reservoir on Roggh River at the 495-foot contour, 
and the third at the upstream end of the reservoir on North Fork of Rough 
River at the 495-foot contour. From these three points, arcs of 30 mile 
radius were drawn on census division maps (38) and joined by tangents to 
enclose an area used to bound the home areas included in the analysis. The 
procedure thus included all home areas having a center of population within 
30 miles of any part of the reservoir. 
Using the 1960 census data, the population of each enclosed home area 
was determined, and the air distance from eac·h home area to three points 
on the reservoir was measured. This was done for each census division in 
Breckinridge County, Grayson County, and for the one census division which 
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County 
TABLE 13 
SUMMING P)D.n FOR THE THREE CORNER POI:N"TS OF 
l I 
ROUGH RI\'ER RESERVOIR 
Census Population "'\<"'!TY\ - "Q!---, .... ' 
Division D P/Dn D P/Dn D 
Breckinridge Cloverport 3321 16 26 26 11 17 
Hardinsburg 3523 11 53 16 28 8 
Hudsonville 1965 16 15 13 22 10 
Irvington 3672 22 16 20 19 16 
McDaniels 2253 5 135 8 59 4 
Grayson Caneyville 3181 14 31 18 20 18 
Clarkson 2368 18 15 s 62 16 
Leitchfield N. 4395 15 38 a 115 14 
Leitchfield S. 2603 16 20 9 5t, 15 
Millerstown 1670 26 6 15 15 24 
Short Creek 1617 7 54 14 16 12 
Hardin Summit 2418 23 10 10 43 19 
Others 65371 36 124 23 271 31 
Edmonson All 8085 33 18 28 24 35 
Ohio All 17725 25 63 37 32 31 
Hancock All 5330 24 20 34 11 25 
Meade All 18938 32 44 28 56 26 
Butler 3 6675 29 18 35 13 35 
Daviess 2 8366 24 32 36 16 27 
Hart 1 2992 39 5 27 9 36 
Larue 2 8430 42 12 29 23 37 
Perry 3 13700 28 40 37 25 28 
Harrison 1 843 33 2 29 2 27 
Total t 797 948 I I 
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1"A~1, 
P/Dn 
23 
93 
35 
29 
199 
20 
19 
43 
23 
6 
21 
14 
161 
16 
44 
19 
63 
13 
26 
6 
15 
40 
3 
931 
.. 
bordered the project in Hardin County. The remaining home areas consisted of 
Edmonson, Ohio, Hancock, and Meade Counties, the remaining portion of 
Hardin County, three census divisions of Butler County, two census divisions 
in Daviess County, one census division in Hart County, two census divisions 
in Larue County and two townships in Perry County, and one township in 
Harrison County, Indiana. 
Conceptually, one might calculate by means of Equation 2 an expected 
visitation to each individual mile of stream. The D. between the population 
1 
center of each home area and the mile of stream could be measured and used 
in summing P./D.n. However, it is more practical and within the accuracy 
l l 
of the overall method to estimate an average value of r; P./D.n for the 
1 1 
approximately 75 miles of fishing stream. Values for the three corner points 
of Rough River Reservoir are calculated on Table 13. The average of the 
three values is 892, a little over half of the regional average of 1570 used in 
evaluating K. The area around the Rough River Reservoir has a relatively low 
density population (28. 3 people per square mile in Grayson and Breckinridge 
Counties). 
Future Projections 
In order to determine the average annual benefits over the life of the 
project, taken as 100 years, the values K and P in Equation 2 have to be 
projected into the future. The resulting fishing pressures can then· be 
converted to a discounted average annual value over tire 100 years. In 
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Chapter N, K was estimated to increase by O. 6% per year. In the economic 
projections made by Arthur D. Little for the Corps of Engineers (53), the 
majority of the home areas within 30 miles of Rough River Reservoir were 
included in the Green River Basin. The home areas located outside the Green 
River area as defined for the Ohio River Basin study were located at the 
extremities of study areas centering in a large metropolitan complex. 
Population growth in this area is probably more closely portrayed by that in 
the more rural Green River Basin than by that in the vicinity of larger cities. 
Tabulated population projections for the Green River Counties indicated that 
the population in this area was projected to increase by 1. 1 % annually between 
1960 and 2010 (53, p. 132). The same growth rate was assumed for the 
following 50 years. 
Equation 24 provides the means to convert 1960 fisherman-days to an 
' 
average annual value over the subsequent years. Equation 24 with j = L 7%, 
i = 4. 625%, and N = 100 years gives a ratio of 1. 58 for the average annual 
value to the 1960 value. The value used for j combines the growth rates of 
K and P (1. 006 x 1. 011 - 1. 000). 
Selecting K 
The regional average 1960 value for K per mile of stream was found 
in Chapter N to be 0. 054. This value represents an average for fishing 
streams of all sizes based on regional values for estimated fisherman-days and 
n 
I::P./D. . The average K must be adjusted to a K applicable to each stream 
l l 
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order flooded by Rough River Reservoir. Table 9 provides the needed K 
factors for stream orders 2 through 5. Thus, the average value of K must be 
multiplied by its appropriate K factor in order that K can be determined for 
each order stream. 
Predicted Number of Fisherman-Days 
For each order stream flooded by Rough River Reservoir, the average 
annual number of fishermen was predicted from Equation 2. The average value 
of K (0. 054) multiplied by the K factor, then multiplied by the sum of P./D.n 
I I 
(892), and converted from current to an average annual value over the 100 
year project life by multiplying by 1. 58 gives the average annual fisherman-
days per mile of stream for each order. Multiplication by the number of miles 
of stream of the corresponding order estimates the total average annual number 
of fisherman-days. For second order streams, the calculation proceeds as 
follows: 
(stream miles) (K factor) (average K) 
v = 
T 
(13. 4) 
(eX!)ansion ratio) 
(0. 025) (0. 054) 
n 
("P./D. ) 
.k. I I 
(892) 
(1. 58) = 25 fisherman-days per year 
Calculation for orders 3 through 5 are shown on Table 14. 
Selecting UV 
A value of UV for the area in which Rough River Reservoir is located, 
was picked from Figure 10 as 1. 75 dollars per fisherman-day. For each 
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0 
I 
Stream 
Order 
2 
3 
4 
5 
Total 
Miles 
of 
Stream 
Map 
13.4 
10.4 
48. 9 
2.9 
75.6 
TABLE 14 
ROUGH RIVER RESERVOIR STREAM FISHERY EVALUATION 
Adjusted 
Fisherman- UV 
K Days per Fisherman- Stream 
Factor Adjusted year, per Days, Per UV UV $/fisherman- Value 
(K) 
f 
K Mile Year Factor Base day dollars* 
Table 9 O. 054Kf 1. 58 (892K) VT Fig. 9 Fig. 10 Eq. 23 
0.025 0,0013 l, 90 25 0,78 1. 75 1. 365 30 
0.358 0.0193 27.24 283 1.05 1, 75 1. 8375 520 
1. 273 0.0687 96.88 4738 L 05 1. 75 1. 8375 8710 
2.909 0,1570 221.39 642 1. 02 1. 75 l, 7850 1150 
- - - 5688 - - - 10410 
* Rounded Values 
order stream being considered, a stream order factor must be applied to the 
base value of UV. Stream order factors are found on Figure 9. Table 14 
sllows tile stream order factors and the calculated UV for each order. For 
second order streams, the factor is 0. 78 and when this is multiplied by 1. 75, 
a unit value per fisllerman-day of 1. 365 dollars is obtained. Calculated unit 
values for orders 3 through 5 are shown on Table 14. 
Total Economic Value of Streams 
It is now possible to find the economic value for the stream mileage 
in each order and to sum the values for a total economic value of the flooded 
streams. Equation 3 can be applied to each stream order. VT is the average 
annual number of fisherman-days and UV is the unit value per fisherman-
day as shown on Table 14 for each order. BT then would be the average 
annual economic value in dollars of eacll order. These values can be found 
on Table 14, rounded to the nearest 10 dollars. When the values for the four 
orders are summed, the total average annual economic value in dollars of 
the stream fishery flooded by Rough River Reservoir is found to be approximately 
$10, 410 per year. The present worth of this annual value is $223, 000. These 
figures compare with project cost totaling $9, 780, 000 of Federal funds 
through the end of fiscal 1966 (34, p. 29). Average annual benefits predicted 
in project planning for reservoir recreation were $53, 000 (34, p. 29). A 
more recent study estimated annual recreation benefit at $997, 000 (34, p. 148). 
The average value for visitor-day was found in that study to be $1. 53 for 
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reservoir recreation. The value per fisherman-day found is this study is 
$1. 83. 
LIMITATIONS TO THE METHOD 
One limitation to the above method is that it was applied without 
consideration for fish species. The estimated value is for an average mixture 
of species inhabiting an average stream. Special adjustments may be necessary 
for streams with a particularly heavy concentration of desirable fish species, 
which are regularly stocked with game species, or which experience major 
spawning runs. Locally collected data should be substituted for the calculated 
values of annual fisherman-days per mile on Table 14 in such cases. 
Another type of adjustment is necessary where pollution or some 
other factor known to prevent fishing occurs. In severe cases, the economic 
value of the stream fishery must be considered zero unless the stream can 
realistically be expected to recover over the life of the proposed reservoir 
project. 1n less severe situations, structural channel improvement, navigation, 
or less extensive pollution may reduce fishing below average values for natural 
streams but not eliminate it altogether. Specially collected data on annual 
fisherman-days per stream mile is needed in such cases. 
The method seeks to determine the economic value of stream fishing 
under average Kentucky conditions. It underestimates values associated with 
very desirable fishing sites and overestimates values associated with sites 
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made undesirable by adverse natural conditions or disruptive human activity. 
No attempt is made to evaluate esthetic or other intangible stream qualities. 
No extrapolation of the estimated values to other geographical areas should be 
made without further research. 
SUGGESTED ADDITIONAL RESEARCH 
As more and more reservoirs are built, the need for more precise 
evaluation of the adverse consequences of project construction increases 
greatly. The growing national concern over the preservation of natural areas 
reveals that there is a definite need to consider the value of natural streams 
which are being flooded when the benefits for the project are determined. The 
approach of this study does not take into account the increasing scarcity of good 
fishing streams. Further research is needed to relate value to supply. 
Another obvious need is the establishment of a sound and systematic 
method for collecting data on visitation to streams by home area. The best 
possible estimate of the economic value of a stream is necessarily dependent 
on better information on the number and other characteristics of fishermen 
who fish the stream. Likewise, the effect of geographical location and 
climate on the propensity to travel to a fishing site needs further study. 
Another point requiring further study is the effect of stream order as 
well as other stream characteristics-on the economic value obtained by fisher-
men. The effect of desirable fish species and pollution on the economic value 
should also be studied. 
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In addition, the social, esthetic, and other extra-economic values 
should be studied to gain insight into the total value of a stream. 
CONCLUSIONS 
The success or failure of any effort to estimate an economic value for 
a stream is dependent on the available data. The sample obtained for this study 
was not especially large due to time restrictions and unavailability of any 
previously collected data relating visitors to home areas. Even though the 
sample size was not as large as desired, realistic economic values can be 
obtained using the method developed with this sample. 
Application of methods previously developed for determining reservoir 
recreation benefits to estimating the economic value of a stream fishery for 
recreation was found to provide realistic results. Although good judgment is 
needed in any method, the approach described in this report should provide 
reasonably consistent results among investigators. The basic theory developed 
in Chapter I and the empirical coefficients derived for Kentucky ( Chapters II 
through V) produce an estimated economic value which is both reasonable 
and realistic, The total economic value of the potential for recreation lost when 
a natural area is flooded by a reservoir may be obtained by adding the hunting 
value lost as determined by Holbrook (12). The total value lost incorporates 
many intangible factors which could not be included in this study. 
- 114 -
• 
BIBLIOGRAPHY 
1. American Association of State Highway Officials, Committee on Planning 
and Design Policies. Road User Benefit Analysis for Highway Improve-
ments. Washington, D. C.: AASHO, 1960. 
2. 
3. 
4. 
Anon. Kentucky Tourist Preferences. Lexington, University of Kentucky, 
Bureau of Business Research, 1962. 
Boyet, Wayne E. and George S. Tolley. "Recreation Projection Based on .:,;! 
Demand Analysis," Journal of Farm Economics, 48 (November, 1966), 
984-1001. 
Brown, William G. "Measuring Recreational Benefits from Natural 
Resources with Particular Reference to the Salmon-Steelhead Sport 
Fishery of Oregon." Economic Research in the Use and Development 
of Range Resources. Reno, Nevada: Western Agricultural Economics 
Research Council, 1964. 
5. Clawson, Marion. Methods of Measuring the Demand and Value of Outdoor¥ 
Recreation, Reprint No. 10. Washington: Resources for the Future, 
February, 1959. 
6. Clawson, Marion and Knetsch, Jack L. Economics of Outdoor Recreation.*" 
Baltimore, Maryland: Johns Hopkins Press, 1966. 
7. Dearinger, John A. Esthetic and Recreational Potential of Small Naturalistic 
Streams Near Urban Areas. Lexington: University of Kentucky, Water 
Resources Institute, Research Report No. 13, 1968. 
8. Field, Thomas P. A Guide to Kentucky Place Names. Lexington: 
Kentucky Geological Survey, University of Kentucky, 1961. 
9. Garrison, W. L. and Marble, D. F. "Analysis of Highway Networks: 
A Linear Programming Formulation," Highway Research Board 
Proceedings, Vol. 37 (1958), 1-14. 
1 o. Gottschalk, John S. "Fish and Wildlife and Water Resources," 
International Conference on Water for Peace. Vol. 6, Washington, 
D. C.: U.S. Government Printing Office, 1967. 
- 115 -
11. 
~2. 
13. 
14. 
;/"'15. 
16. 
17. 
18. 
19. 
iSo. 
Haney, Dan G. The Value of Time for P2.ssenger Cars: A Theoretical 
Analysis and Description of Preliminary Experiments. Menlo Park, 
California: Stanford Research Institute, 1967. 
Holbrook, Kenneth G. The Economic Value of Natural Areas for 
Recreational Hunting. Lexington: University of Kentucky, Water 
Resources Institute, Research Report No. 24, 1969. 
Horton, Robert H. "Erosional Development of Streams and Their Drainage 
Basins: Hydrophysical Approach to Quantitative Morphology." 
Bulletin of the Geological Society of America, 56 (March, 1945), 
275-370. 
Howell, Henry H. and Lutz, Harland R. How Many Out-of-State Fishermen 
Purchase More Than One License in Kentucky, and Where and When 
Do They Fish? Frankfort: Commonwealth of Kentucky, Department 
of Fish and Wildlife Resources, c. 1961. 
Inter-Agency Committee on Water Resources, Subcommittee on Evaluation 
Standards. Report of the Panel on Recreational Values on a Proposed 
Interim Schedule of Values for Recreational Aspects of Fish and 
Wildlife. May 24, 1960. 
James, L. Douglas "Evaluating Recreation Benefits From Visitation 
Prediction Equations: Comment," American Journal of Agricultural 
Economics, 50 (May, 1968), 437-439, 
Kain, J. F. and Meyer, J. R., A First Approximation to a Rand Model 
for study of Urban Transportation, Santa Monica, California: Rand 
Corporation, RM-2878-FF, November, 1961. 
Kentucky Department of Natural Resources, Division of Water. Water 
Resources Planning in Kentucky- July, 1967, Frankfort: Kentucky 
Division of Water, July, 1967. 
Kentucky Water Resources study Commission. Kentucky Water Resources 
Study. Frankfort: Commonwealth of Kentucky, Department of 
Conservation, Division of Flood Control and Water Usage, August, 1959. 
Knetsch, Jack L, "Outdoor Recreation Demand and Benefits," Land 
Economics, 39 (November, 1963), 387-396. 
- 116 -
l 
.. 
21. Kuehne, Robert A. 11 A Classification of Streams Illustrated by Fish 
Distribution in an Eastern Kentucky Creek," Ecology, 43 
(Autumn, 1962), pp. 608-614 .. 
22. Laflin, Bonny Dale. "Three Phase Fishery Studies," Project Completion 
Report for Investigation Reports, Project No. F-33-R-1. Frankfort: 
Commonwealth of Kentucky, Department of Fish and Wildlife 
Resources, Division of Fisheries, March 31, 1969. 
23. Leopold, Luna B., Wolman, M. G., and Miller, J. P. Fluvial Processes 
in Geomorphology. San Francisco, California: W. H. Freeman and 
Co., 1964, 131-150. 
24. Lotrich, Victor, A. Growth, Production, and Community Composition of 
Fishes Inhabiting A First, Second, and Third Order Stream of 
Eastern Kentucky, PhD. Dissertation, Lexington: University of 
Kentucky, 1969. 
25. Martin, B. V., Memmott, F. W. &.'ld Bone, A. J. Principles and 
Techniques of Predicting Future Demand for Urban Area 
Transportation. Cambridge, Mas.sachusetts: Massachusetts 
Institute of Technology, Department of Civil Engineering, January, 1963. 
26. Merewitz, Leonard. "Recreational Benefits of Water Resources Development, ,,;j) 
Water Resources Research, 2 (Second Quarter, 1966), 625-'640. 
27. Public Law 89-72, 89th Congress, First Session, S. 1229, July 9, 1965. 
28. Seckler, David W. "On the Uses and Abuses of Economic Science in ¥ 
Evaluating Public Outdoor Recreation," Land Economics, 42 (November, 
1966), 485-495. 
29. Sirles, John Ellis III. Application of Marginal Economic Analysis to J 
Reservoir Recreation Planning. Lexington: University of Kentucky, 
Water Resources Institute, Research Report No. 12, 1968. 
30. Strahler, Arther N. "Hyposometric (Area-Altitude) Analysis of 
Erosional Topography," Bulletin of the Geological Society of America, 
56 (March, 1945), 275-370. 
31. Trice, Andrew H. and Wood, Samuel E. "Measurement of Recreation :f:./ 
Benefits," Land Economics, 34 (August, 1958), 195-207 . 
- 117 -
32. Tuomi, A. L. W. "Sport Fishing: A Peaceful Use of Canadian Water." 
33. 
~34. 
36. 
37. 
International Conference on Water for Peace, V·ol. 6 Washington, D. C.: 
U.S. Government Printing Office, 1967. 
Turner, William R. A Pre- and Post-Impoundment Survey of Middle Fork 
of the Kentucky River, Kentucky Fisheries Bulletin No. 51. Frankfort: 
Commonwealth of Kentucky, Department of Fish and Wildlife, 1967. 
Tussey, Robert C., Jr. Analysis of Reservoir Recreation Benefits. 
Lexington: University of Kentucky, Water Resources Institute, 
Research Report No. 2, 1967. 
University of New Mexico, Special Committee. The Value of Water In 
Alternative Uses. Albuquerque, New Mexico: The University of 
New M,exico Press, 1962. 
\ 
U.S. Bureah of the Census, Census of Population: 1960, vol. I, Chapter A, 
part 15, Illinois. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
U.S. Bureau of the Census, Census of Population: 1960, vol. I, Chapter A, 
part 16, Indiana. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
38. U.S. Bureau of the Census. Census of Population: 1960, vol. I, Chapter A, 
part 19,-Kentucky. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
39. U.S. Bureau of the Census. Census of Population: 1960. vol. I, chapter A, 
part 27, Missouri. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
40. U.S., Bureau of the Census. Census of Population: 1960, Vol. I, Chapter A, 
part 37, Ohio. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
41. U.S. Bureau of the Census. Census of Population: 1960, vol. I, Chapter 
A, part 44, Tennessee. Washington, D. C.: U.S. Government 
Printing Office, 19 63. 
42. U. S. Bureau of the Census. Census of Population: 1960, vol. I, Chapter 
A, part 48, Virginia. Washington, D. C.: U.S. Government Printing 
Office, 1963. 
- 118 -
.,/ 
I 
I ~ 
I 
! 
• 
' 
I SJ 
I 
I. 
:· 
43. U.S. Bureau of tb.e Census. Census of Population: 1960, vol. I, Cb.apter 
A, part 50, West Virginia. Washington, D. C.: U.S. Government 
Printing Office, 1963. 
44. U.S. Congress, House of Representatives, Letter from tb.e Secretary of 
the Army. Laurel River, Kentucky. Appendix 3, Exhibit 5, Document 
No. 413, 86th Congress, second session, Washington, D. C.: U.S. 
Government Printing Office, 1960. 
45. U.S. Congress, House of Representatives, Letter from tb.e Secretary of 
tb.e Army. Little Sandy River and T.vgarts Creek, Kentucky. Appendix 
VI. Document No. 440, 86th Congress, second session, Washington, 
D. C.: U.S. Government Printing Office, 1960. 
46. U. S. Department of the Interior, Bureau of Sport Fisb.eries and Wildlife. 
Development of Water Resources in Appalacb.ia, Appendix K, second 
Draft. Wasb.ington, D. C. : U. S. Government Printing Office, 1968. 
47. U.S. Department of tb.e Interior, Bureau of Sport Fisb.eries and Wildlife. 
National Survey of Fishing and Hunting - 1965. Washington, D. C.: 
U.S. Government Printing Office, 1965 . 
48. U.S. Department of tb.e Interior, Bureau of Sport Fisb.eries and Wildlife. 
Sport Fishing - Today and Tomorrow. A Report to the Outdoor 
Recreation Resources Review Commission, Wasb.ington, D. C. : U. S. 
Government Printing Office, 1962. 
49. U.S. Department of Labor, Bureau of Labor Statistics. "Value of tb.e 
Dollar Over Past 30 Years," A Table in Readers' Digest. 
Pleasantville, New York: Tb.e Readers Digest Association, Inc. 
June, 1969, p. 68. 
50. U.S. Water Resources Council. Tb.e Nations Water Resources. Washington, 
D. C.: U.S. Government Printing Office, 1968. 
51. Wb.ite, William M. "Evaluation of Recreation in Water Development," 
Proceedings of tb.e American Society of Civil Engineers, Vol. 91, 
No. POl (May, 1965), 1-9. 
52. Wilbur Smitb. and Associates. Future High.way and Urban Growtb.. New 
Haven, Connecticut, 1961. 
53. Artb.ur D. Little, Inc. "Projective Economic study," Ohio River Basin 
Comprehensive Survey. vol. III, Appendix B. Cincinnati, Ohio: 
U.S. Army Engineer Division, 1964, p. 132. 
- 119 -
~ 
ERRATA 
• 
Page Line Correction 
12 1 exponent signifying 
12 16 of the home area 
24 8 .l!!Lfishermen 
28 6 A. H. Henson 
28 8 Mr. Henson 
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